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ABSTRACT
The Role of Saudi Arabia in the World Oil Market : 1974-1997
The importance of Saudi Arabia in the oil market is evident, but the motivations
that contribute to the making of its oil policy are less clear. The primary purpose of
this study is to fmd the framework that accounts for as many facts as possible, and
in some cases to determine their influence on Saudi oil policy. This will be done
through examining important factors affecting Saudi oil policy in the international
market and analysing the oil-related decisions, that were formulated by the Kingdom
of Saudi Arabia. These critically important decisions, such as how much oil to
produce and at what price, are discussed in the light of views and information from
prominent Saudi decision makers, Saudi officials, and international economic
analysts, and compared with what has been revealed by the literature and the evidence
of the market, to draw a conclusion about the Kingdom's oil policy.
A review of the political structure and the process of oil policy decision making
is made to provide an understanding of the process in Kingdom of Saudi Arabia.
Fundamental changes in the world oil market, have been reflected in oil price
volatility. Accordingly, a price that takes these changes into account must be found.
Therefore, issues and concepts related to the price of oil are discussed and the time
series to be included in the model is determined.
By testing hypotheses of the Saudi role in the oil market we have reached a
conclusion that its oil policy seeks to maintain oil as a viable longterm source of
energy. This comes from the long life expectancy of Saudi oil reserves.
Consequently, Saudi Arabia is following an oil policy that optimises the long- term
value of its reserves, protects its share of the market and keeps oil prices stable by
pursuing an economically rational strategy.
Thus, Saudi Arabia played the role of swing producer between 1975 and 1985
to maintain stable oil prices, and by 1987 it had resorted to market sharing behaviour
to maintain its share in the market. These two models were tested through
multivariate system analysis using the Johansen procedures and testing of the time
series properties such as seasonality, stationarity, exogeneity and cointegration.
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CHAPTER 1
INTRODUCTION
This thesis examines the formation of oil policy in Saudi Arabia against the
background of changes which have taken place in the world oil market during the last three
decades. Saudi oil policy can be subdivided into two strands; long-run objectives such as
exploration and the development of additional productive capacity; and short-run suc as
price and output decisions. The latter are the concern of this study.
The importance of Saudi Arabia in the oil market is evident, but the motivations that
contribute to the making of its oil policy are less clear. A number of studies were
undertaken to analyse and discuss these motivations and the inherent uncertainty they
generate. They attempted to explain the behaviour of OPEC and the Saudi Arabian role
within OPEC, by employing the theory of the firm or the theory of exhaustible resources.
By so doing, it reduced an extremely complex phenomenon exclusively to its economic
dimension. Therefore the primary purpose of this study is to find the framework that
accounts for as many factors as possible.
1.1 The Methodology
In order to understand the Saudi oil policy we will go through the following:
1.1 .1 Interviews and Institutional Evidence: 
A series of interviews with prominent Saudi decision makers and international oil experts
were conducted, with the two Petroleum Ministers of the Kingdom of Saudi Arabia; His
2Excellency Sheikh Ahmad Zaki Yarnani and His Excellency Sheikh Hishem Nazer. Other
interviews were with the Deputy Minister for Petroleum Affairs; His Royal Highness
Prince AbdulAziz bin Salman Al-Saud; Mr. Suliman Al-Herbish Saudi Arabia's Governor
to OPEC who worked in the Ministry of Petroleum and Minerals from 1964. Dr. Majid
Al-Moneef, the Economic Consultant in the Ministry and Associate Professor of
Economics in King Saud University, who directed me throughout the study. I also had an
extensive interview with Mr. Farouk Al-Husseini, the Economic Advisor in the Ministry
of Petroleum and Minerals from 1955 up to 1996, who had excellent insight into the oil
decision making process during that period. I also benefited from the data I received from
the Ministry and from the OPEC Secretariat. The interviews gave me a unique insight into
the motivation of oil policy and the constraints which influenced the actual decisions.
Throughout the thesis I will relate interviews to published opinions, assessments and views
held during the period by industry analysts.
1.1.2 Econometric Analysis: 
The primary evidence gathered in the interview process will be compared to economic
theory using econometric analysis.
1.2. Plan of the Study
This study consist of nine chapters, the first is the introduction. In chapter 2, we shall
review the Saudi petroleum policy making process. The structure of oil policy making
which goes through several institutions such as the Ministry of Petroleum, the Supreme
Petroleum Council, Aramco and other oil related companies in the Kingdom is discussed
and the role of the King and the Council of Ministers in the process is highlighted. Also,
3the role of each participant and the interlocking relationships of the different bodies are
analysed.
In chapter 3, Saudi Arabia's oil pricing and production decisions are discussed. In
this chapter I try to provide a factual basis for the evaluation of the decisions made by
Saudi Arabia by reviewing important decisions made during the period and drawing
conclusions about each major event and the specific direction of Saudi policy as a whole
during the period of the study.
In chapter 4 the relevant literature is reviewed which includes the economic
models of OPEC behaviour and the role of Saudi Arabia. The first set of models are the
ones that do not address specifically the role of Saudi Arabia such as the monolithic cartel
and competitive models. The second set of models are those that address the role of Saudi
Arabia, such as the different group cartels, two block cartel, and the swing producer model.
Other theories of OPEC behaviour that might apply to Saudi Arabia are discussed namely the
target capacity utilisation model, the fiscal constraint model and the property rights model.
This is followed by a review of empirical tests that have been done for such models and
finally a political interpretation of Saudi Arabia's behaviour in the world oil market. The
economic models that describe the behaviour of Saudi Arabia will be evaluated with
reference to the institutional evidence. Since Saudi Arabia is a major producer of oil it
might use its production and pricing policies to achieve certain objectives. These objectives
are discussed in light of each model and the expected oil policy and outcome according to
that model. The models are evaluated in order to identify those which are supported by the
observed data and the institutional evidence.
4Chapter 5, introduces the relevant models to be empirically tested namely the Swing
Producer and the Market Sharing models.
In chapter 6, oil prices and production data, which are used for econometric analysis
are analysed. There have been fundamental changes in the structure of the world oil
market, which are reflected in the oil price data sets. Consequently, to adopt one price
series would be impossible. Accordingly, price data which take these changes into
account must be found. At times the Saudi Arabian and OPEC marker price (Arabian
Light API 34°) was relevant while at others the spot or the netback prices were more
relevant in analysing the decision making. After 1987 formula prices tied to some world
markers such as Dubai, WTI and Brent have been used to peg the price of Saudi crudes to
the different markets. Consequently, issues and concepts related to the price of oil need to
be discussed and the time series to be included in the model determined later. The source
of all data presented in the study is the Secretariat of OPEC in Vienna and the Ministry of
Petroleum and Minerals in the Kingdom of Saudi Arabia, otherwise the source will be
mentioned. The differences in production data reporting especially after the introduction of
quotas in 1982 is presented. The direct communication vs secondary sources production
data is highlighted to illustrate the difficulty of selecting production data.
In chapter 7, the econometric method used in the estimation procedures is explained.
Since many economic time series appear to be integrated of order one, when regressing the
levels of such series and using the standard econometric procedures this would lead to
spurious relationships. Therefore we will test the property of each time series and use the
5method which applies to them. There has been a good deal of empirical work done involving
cointegration tests and the estimation of models for cointegration variables in dealing with
multivariate systems. With the structure and the dynamics of the oil markets, the behaviour
of participants, and investigation of the short-run effects could be modelled through the use
of the Error Correction Model (ECM). This could predicate the short run behaviour which
is used to predict the theory. In testing the long-run relationship Johnaasen procedures will
be adopted.
Chapter 8, presents the empirical results of the econometric tests and their interpretation.
Finally, chapter 9 provides a summary and conclusion of the study derived from analysis
used along with suggestions for possible future research.
6CHAPTER 2
PETROLEUM POLICY MAKING PROCESS
2.1 Introduction
To fully understand the working of Saudi Arabia's oil policy, it is necessary to
identify the institutions in the Kingdom that played a principal role in formulating and
executing the Saudi oil policy and to analyse the interrelationships between such
institutions and their role in designing and carrying out such policies. Hence, it is essential
to include the decision-making process as the framework of analysis as a politico-
economical regulator of the market.
Because of the lack of written sources about the decision-making process and in
order to provide an understanding of the role of the different institutions in that process, I
benefited from interviews and discussions with prominent Saudi decision makers and
participants in the Ministry of Petroleum. This gave me an insight into the elements and
motivation of oil policy, the constraints which influenced actual decisions, and the
direction of Saudi policy as a whole during the period.
Saudi Arabia's role in the international oil and market oil decision-making process
evolved with developments both in the oil market and in the political structure of the Saudi
state. The dominance of the majors in the international oil market throughout the first half
7of the century and the negotiations of the concession agreement, as well as the infancy of
the new Saudi state all contributed to the shaping of the government role in oil decision-
making. However, any explanation of the formal system of the decision process should
also include the informal system, such as the relation between the Ministers of Petroleum
and the different rulers. To depend only on the official sources will enable us to take into
account only the formal framework while the interviews and the discussions within the
Ministry, seep to explain the informal framework of the decision-making process.
From the discovery of oil in 1938 until 1973 the oil policy of Saudi Arabia was
concerned primarily with extracting the best fiscal terms from the concessionaire
companies, such as the 50/50 agreement, expensing royalty, relinquishing concession
areas and the participation negotiations.' The Saudi government had no active involvement
in the production or pricing policy, since those were determined by the international
majors on a global basis. Oil pricing and production decisions were to a larger extent in
the hands of the Aramco group of majors, which consisted of Exxon, Chevron, Mobil,
Texaco.
"Prior to 1973, Saudi oil policy was almost entirely
controlled by ARAMCO, 	 To the extent that the kingdom
did influence oil policy during this period, it consistently
urged higher production levels and more exploration in hope
of increasing government revenues. Since pricing seemed out
of its control, the Kingdom urged production increase as the
only way to meet its mounting needs for 	 funds"
(Golub,1985,p 2).
In this period, the only time Saudi Arabia was involved in the international oil
market was when it actively helped in the establishment of OPEC' in 1960 as a negotiating
umbrella to put Saudi Arabia and the other member countries in a stronger position visa
8vis , the international oil companies operating in those countries. Through OPEC's royalty
expensing initiative in 1965, Saudi Arabia was able to increase the payment by Aramco to
the government and then to start the negotiations for participation in oil operations in 1972.
But unlike the other founding members of OPEC, Saudi Arabia's oil sector and
policies were less affected by the political and ideological divide that characterised the post
WWII decades. The early moves towards nationalisation in Iran and Iraq did not reach
Saudi Arabia because of its free market orientation and the market strength of its
concessionaire companies, the four owners of Aramco, who were among the seven sisters
or "international majors"? Instead, Saudi Arabia favoured participation, as opposed to
nationalisation to gain more control of the oil sector and decision-maldng. 4
After October 1973, Saudi Arabia's relationship with the oil companies changed
and the government took greater control over pricing and production decisions. Higher oil
prices after 1973 gave the government higher revenues to carry out development plans and
to compensate companies for the later take-over. The transition of power after King
Faisal's death was smooth, with King Khalid assuming the throne, and Prince Fahad
becoming the Crown Prince and the first Deputy Prime Minister. Fahad later succeeded to
the throne. Thus, the principles of the oil policy remained the same during the three
decades from King Faisal to King Fahad.5
The structure and conduct of Saudi oil policy and the sophistication of its tools of
administration evolved with the political development of the Kingdom. The decision-
making process starts from the highest authority "the King" followed by the Council of
9Ministers, the Ministry of Petroleum and Mineral Resources, Aramco and other oil
companies and international organisations involved in oil decision-making.
2.2 The Political Structure
To understand the process of petroleum decision-making we need to look at the
political structure of Saudi Arabia. The decision-making process emanates from the
political and administrative structure of the Kingdom. The Council of Ministers (COM), is
the decision-making body which passes legislation, while the role of the Consultative
Council (CC) is advisory and at times to initiate legislation.
2.2.1 The King
The Kingdom of Saudi Arabia came into existence in September 1932 when King
Abdelaziz Bin Saud unified the different regions of the Arabian Peninsula. 6 He ruled
from 1902 until 1953 followed by his sons; King Saud bin AbdelAziz (1953-1964) King
Faisal (1964-1975) King Khalid (1975-1982) and King Fahad (1982- present).
Two important laws that established the King's authority are the "Council of
Ministers Law" CML of 1958 and its amendments and the "Basic Law of Government"
(BLG) issued in March 1992. Article 44 of BLG identifies the three basic authorities;
judicial, executive and legislative. The legislative and executive authorities are exercised
by the King and the COM. The Consultative Council which was set up in 1993 is granted
authority to discuss, interpret and propose laws. The enactment of the laws is reserved for
COM and the King. The BLG sets the general role for the King.
10
"The King shall undertake to rule according to the rulings of
Islam and shall supervise the application of Shari'h, the
regulations, and the State's general policy as well as the
protection and defence of the country (BLG)" 8
The King exercises his authority in two ways: as the president of the Council of
Ministers (COM) i.e. Prime Minister and in his capacity as King to whom decisions by the
Council must be submitted for approval.
Different Articles in BLG address the role of the King in Council such as Articles
7,19,and 20 as well as Article 55-62:
"The president of the Council of Ministers directs the general
policy of the state, provides direction, co-ordination and co-
operation between ministers. He assures consistency and
unity in the work of the Council...., orders notification of
government agencies of the Council decisions, supervises the
Council, Ministers and other government agencies. He
supervises the implementation of laws and regulations issued
by the Council."
The King as President of the Council of Ministers provides instructions to the
ministers for the conduct of their work. According to the 'Basic Law of Governments':
"Ministers and heads of independent authorities shall be
responsible before the Prime Minister for their ministries and
authorities. (BLG)"
He approves the major petroleum policy decisions, based on the discussions and
recommendations of the Ministry of Petroleum and Mineral Resources which is
responsible for the management of the country's resources and the co-ordination of the
overall strategy.
"The general policy is concerned with handling the
Kingdom's internal and external policy, which includes
petroleum policy. Also the King as the Prime Minister is
assisted in the performance of his duties by members of the
Council of Ministers according to the rulings of this law and
other laws."'
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2.2.2 The Council of Ministers (COM) 
The central administration was established for the first time in Saudi Arabia in the
1930s. Two sets of developments helped to bring this about. First was the discovery of oil
in 1938; the Kingdom had a source of income that could cover all of its needs and which
had to be managed through a central government. The second was the increasing
complexity of government affairs.°
The Council is the most important agent within the structure of the government. It
derives its power directly from the King, and has responsibility over any matters
concerning the Kingdom. It gives powers to the ministers to oversee foreign and domestic
matters under the approval of the President of the Council of Ministers (COM). The law of
the Council of Ministers stipulates that:
"No ministry may conclude any contract or agreement with
any party except after obtaining the approval of the Council
of Ministers thereto." 11
The Council of Ministers should issue the regulations, instructions, and rules
required to execute and supervise the execution of Royal Orders and Decrees, and the laws
and decisions issued by the Council of Ministers direct the implementation of the budget
through the Office of the Controller General.'
CC
. ... The Council of Ministers shall formulate and supervise
the implementation of internal, foreign, financial, economic,
educational and defence policies as well as all policies
pertaining to the general affairs of the state."'
The King, as the president of the Council of Ministers, has a veto power over the
Council's decisions. In addition, the first and second Deputies are responsible to the
President of the Council. The Ministers are responsible to the Council of Ministers and its
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President. Decisions are to be voted on by the majority of members present: 4
 These
decisions are not final until sanctioned by His Majesty. According to its bylaws the
Council is to meet monthly but the King can call for an extraordinary meeting. However,
in recent years, the Council has been meeting weekly: 5 The COM has recently been
conducting most of its work through a "general Committee" which sends its
recommendations to the Council on most matters for approval. (See figure 3.1)
2.2.3 Consultative Council
The Consultative Council, an advisory body on internal affairs, was created in
August 1993, by a Decree from King Fahad, with 60 members appointed by the King. In
July 1997 the number of members was increased to 90 to meet the "development
requirement" of the Kingdom. 16 The Consultative Council is to assist the government in
drafting laws and regulations. The Council discusses what is sent to it by the King and
makes its recommendations. It has the ability to initiate laws if 10 members of the Council
suggest an idea to the King," which may be pursued further on this request:8
"Decision& of the CC shall be submitted to the president of the
COM who refers them to the COM to study them. If the COM
agrees with CC decision they are issued after the King approves
them. If the two councils disagree, the King decides on what he
sees fit."19
According to Article 15 of the BLG, the Consultative Council expresses its opinion
on the general policies of the state that are referred to it by the President of the Council of
Ministers, (i.e. the King). In particular, the Council may:
One. Discuss the general plan of economic and social development and voice its
opinion on it.
Two. Study laws, regulations, concessions and international treaties and agreements
and offer suggestions on them.
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Three. Interpret laws.
Four. Discuss annual reports submitted by ministers and other government
agencies, and offer suggestions on them.
2.3 The Structure of Oil Policy Decision-making
According to Article 14 of the BLG the state owns most national resources
including oil:
.... To which State jurisdiction extends, as well as the
revenues accruing there from shall be owned by the State as
specified by the law.. .the law shall specify the means to be
employed for the utilisation, protection and development of
these resources in a manner conducive to the promotion of
the State's interests, security and economy(BLG)."2°
Since hydrocarbon resources are state owned, the management of such resources,
goes through several agencies starting with the Ministry of Petroleum and Mineral
Resources, the Supreme Petroleum Council, Petromin and other institutions before it is
implemented by the oil companies.
2.3.1 The Ministry of Petroleum and Mineral Resources (MINPET)
The Directorate of Oil and Mining Affairs was established in 1953, as part of the
Ministry of Finance with Abdullah Al-Tariki as the General Director. In 1957 it was
changed to the Directorate General of Petroleum and Minerals which then became the
Ministry of Petroleum and Mineral Resources in December 1960, with Abdullah Al-Tariki
as its first Minister.21
The role of the Ministry of Petroleum and Mineral Resources (MINPET) is to give
advice and recommendations on the petroleum policy of the Kingdom to the King and the
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Council of Ministers. Even with the establishment of The Supreme Petroleum Council in
1973, the final word on the decisions on petroleum still needs the King's approval.
The Ministry does not act as a policy maker, but formulates most of the policy
decisions, with Aramco acting in an advisory capacity on technical issues such as
exploration, development, gas utilisation, production, etc. After the policy has been
formulated in the Ministry and approved by the King or the COM, the Ministry either
implements it or directs Aramco to execute it. Even now (1997), with a Minister who has
had 47 years of service in Aramco, and was the first Saudi president of Aramco the
company still receives orders from the Ministry of Petroleum after each OPEC meeting,
regarding the production allocation. For example, with regard to relations with OPEC,
the Ministry monitors all the changes in the world, prepares for each OPEC meeting, reads
and discusses all oil matters. It then gives advice to the Council of Ministers or directly to
the King.
Most oil policy- decisions took place in that administrative structure, although at
times the personal relation between the King and the Minister of Petroleum and Resources
for example relations between King Faisal and the second oil minister Zaki Yamani helped
to expedite the implementation of the Ministry recommendations. Following the
establishment of the Supreme Petroleum Council a few years before King Faisal 's death,
petroleum issues had to go through the Council. During the reign of King Khalid there was
direct contact between the Crown Prince, the defacto premier and the Ministers. When
King Fahad acceded to the throne, he became more involved in petroleum decisions.'
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Figure 2.1: Saudi Government Petroleum Policy Making Structure.
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According to Minister Hisham Nazer, the decision-making process starts in the
Ministry where all the oil and economic information is collected from the market, the oil
companies and OPEC. The economic advisors in the Ministry prepare and evaluate
different policy options for the Minister who presents the matter to the King directly or to
the Council of Ministers. After the King's approval, the policy would be taken to OPEC
and the Minister would contact the King concerning any developments or changes resulting
from the negotiations (see Figure 2.1). Furthermore, Nazer added that in some cases he
Ma'aden*
1997-
Petromin
1962-1997
Saudi
Arabia's
Governor to
OPEC
_i____ ______ ---I--- .-1- -1---
Saudi Aramco
Advisors Minister's Public Legal Saudi
SeniorOffice Relations Dept. Represen
-tative to
OAPEC
Accountant
and
Controller
16
might call the king several times a day according to what was happening in the meeting of
OPEC.' On one occasion Zaki Yamani had to leave an OPEC ministerial meeting in
December 1976 to consult with the King and Crown Prince Fahad in Jeddah.
Figure 2.2: The Ministry of Petroleum and Minerals Resources Structure'
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* Ma'aden, a state owned mining company, was established by Royal decree in 14/11/1417 (March,1997)
Some matters might be taken to the Council of Ministers 'or to a committee, as
occurred in September 1975 when Saudi Arabia, Kuwait and Abu Dhabi called for the
lowering of the official price. A committee was formed comprising the Minister of
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Planning, the Governor of the Saudi Arabian Monetary Agency, the Minister of Petroleum
and the Minister of Trade which made recommendations regarding the lowering of the oil
price in 1975. These were taken to the OPEC meeting in December 1975 (MEES,
September 1975).
Currently the Ministry of Petroleum and Mineral Resources formulates petroleum
policies, such as the agreed production levels (quota) in OPEC, approves budgets for oil
operation and capacity expansion, estimates the oil revenue component of the government
budget, sends Saudi Aramco foreign downstream ventures suggestions to the government
and formulates the domestic energy policy in relation to supply and pricing. The Minister
reports to the King and the Council of Ministers. The structure of the Ministry changes
with changes of Ministers. The current structure is depicted in Figure 2.2.
2.3.2 Supreme Petroleum Council (SPC) 
The council was established in May 1973, under the chairmanship of King Fahad
who was at that time the,second Deputy Prime Minister. The members of the Council, were
the Minister of Petroleum and Mineral Resources, the Minster of State for Foreign Affairs,
the Minister of State and Head of the Central Planning Organisation, the Minister of State
for Finance and National Economy, the Governor of the Saudi Arabian Monetary Agency,
the Secretary General of the Council and the Deputy Minister of Petroleum and Mineral
Resources.
There are divergent views as to the underlying political reasons for the
establishment of the Council. In his semi autobiographical book about Minister Zalci
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Yamani, Robinson (1988) attributed the establishment of the Council to the desire of the
second deputy Prime Minister, and later King Fahad, to be more involved in the oil
decision-making process which was (according to Robinson) monopolised by Yamani
who enjoyed the trust of King Faisal. Others attributed it to the strong lobby of the
Ministry of Finance to be more involved in the decision-making. But such views ignore
political developments pertaining to oil and its relations during the time of the
establishment of the Council. After 1967, oil had become highly politicised. Relations
between the Saudi government and the four concessionaire companies of Aramco and the
resulting fiscal arrangements were undergoing intense changes through the participation
negotiations and the Tehran and Tripoli agreement of 1972. The nationalisation of the
Iraqi petroleum company in 1972, and rising political tensions in the Middle East after the
Arab-Israeli war of 1967, and later in 1973, necessitated reorganising the decision-making
process so as to abstain more involvement and input from the Foreign and Finance
Ministries. It is hard to imagine how major geopolitical changes, and changes in the oil
market could have taken place without parallel changes in the decision-making process.
The Supreme Petroleum Council was a political and strategic necessity. Also, the
setting up of supreme bodies was characteristic of the political development of the
governing structure, especially during King Faisal's reign. The supreme Council of
Administrative Reform, and the Supreme Council on Education were all established prior
to the Supreme Petroleum Council. Supreme Councils on Information, Manpower and
Islamic Religious Affairs were then set up as part of that development.
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The function of the Council when it was formed was to draw up Saudi Arabia's
overall international oil policy and to submit its final recommendations to the King. The
Council was formed to take into account political and international relations issues as well
as economic concerns. The composition of the Council confirmed that its functions were
not limited to purely economic matters since that would not have necessitate the formation
of such a top-level body.
The Supreme Council from its establishment in 1973 up to 1977, during which time
decisions went through the Council, chaired by then Prince Fahad, and were possibly
discussed in the Council of Ministers. Later, though the Council exist, decisions were
discussed directly between the Minister and King Fahad. With the establishment of the
Saudi Aramco Supreme Council the functions of the Supreme Petroleum Council were
reduced further. My interviews with ex Ministers Yamani and Nazer indicated that the
SPC has been ineffective for the last 10-15 years at least
According to the Washington Post, one of the early issues that faced the SPC was
to decide appropriate production reductions during the Arab Oil Embargo in October
1973.2' However, during my interview with Sheikh Yamani (1996) he indicated that the
Council was not involved. That decision was taken by a committee made up of the most
influential royal family members. Some sources' stated that the Council was involved in
the take-over of Aramco by the Saudi government in 1976. However, Yamani stated that
the negotiations for the take-over had originated before 1973 in the Ministry under the
direction and full support of King Faisal.
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2.4 SAUDI ARAMCO 
The Saudi Arabian Oil Company, also known as Saudi Aramco, was established by
Royal Decree in November 1988 as the last step in the take-over by the Saudi government
of the assets of the Aramco concessionaire companies, (Chevron, Texaco, Exxon, and
Mobil).28 The original concession started in 1933 with the Standard Oil Company of
California (Socal), today's Chevron, and gave the company the right to exploit
hydrocarbons in the Eastern province of Saudi Arabia. In 1936, the operation required
further marketing facilities which were supplied through the Texas company (Texaco)
which had become part owners of the company then called Gasco. By 1938, the lease for
the production of oil had been increased to 66 years and extended to cover more Saudi
land.
By 1944, the company's name had changed to Arabian American Oil Company
(Aramco). In 1948, two other major American oil companies acquired an interest in
Aramco: Standard Oil of New Jersey (today's Exxon) and Socony Vacuum (known now
as Mobil). The distribution of Aramco ownership between these four major oil companies
until 1972 was as follows : Texaco (30%) Chevron (30%), Exxon (30%) and Mobil (10%).
2.4.1 The Development of the Fiscal Relationship Between Aramco and the Saudi
Government: 
The evolution of relations between the government and Aramco included the
following: (a)- The 50/50 profit sharing agreement in 1951. (b)- Royalty expensing. (c)-
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Participation Agreement in 1972 and government take-over of Aramco in 1976. (d)
Establishment of Saudi Aramco in 1988.
a) The 50/50 Profit Sharing Agreement in 1951:
The original concession agreement of 1933, established royalty payments as the
government's basic compensation for the company's development of oil resources. Due to
the enlargement of the area of the concession and following the introduction of the
fifty/fifty profit sharing by Venezuela, Saudi Arabia signed in 1951 the agreement of
50/50 profit sharing with its concessionaire companies whereby, in addition to paying
royalties at the rate of 20 cents/B, Aramco was required to pay a 50% income tax on its
profit.
b) Royalty Expensing: 
OPEC was established in 1960 and its first test of strength was in 1965 to get the
companies to agree to include the royalty payment as part of expenses rather than including
it in the government share. This led to an increase in the Saudi government take per barrel.
During the 1960s Aramco was asked to relinquish some of the undeveloped concession
areas. Later on the Saudi government entered into price negotiations with the companies
along with other producers in a collective effort leading to the Tehran I and II agreements
of 1971 and 1972.
c) Participation Agreement in 1972 and Government Take-Over of Aramco in 1976:
On June 1968 OPEC resolution XVI.90 stated that OPEC members could acquire a
reasonable participation in the ownership of the concession-holding companies on the
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ground of the principle in international law of changing circumstances. On January 1971
UN resolution XXV 2692 concerning permanent Sovereignty over natural resources was
passed. From 1968 onwards the main aim of the Saudi government was to achieve state
participation in the upstream and downstream operations of Aramco.
By February 1972 talks on this subject had led only to an offer by the parent
companies to concede 50 % state participation in the future development of certain
unexploited proven reserves within their concession area. The government's rejection of
this offer was accompanied by a threat from King Faisal to secure "effective participation"
in Aramco's existing operations though unilateral legislative action. (Yamani (1996)).
The Aramco parent companies subsequently accepted the principle of minority state
participation and entered into negotiations along with the other companies operating in the
Gulf countries (excel). t Iran and Iraq who favoured their own nationalisation) with Saudi
Arabia representing the governments of the Gulf countries. The negotiations led to the
signature in October 1972 of the General Agreement on Participation in respect of oil
concessions of the Gulf countries.
The agreement between Saudi Arabia and Aramco, concluded on December 20,
1972. provided for 25 % state ownership of the company's upstream producing assets with
effect from 1 January 1973. In May 1973, Petromin was designated to sell the
government's share of the oil under the General Agreement. Whereas Saudi Arabia's
December 1972 agreement envisaged the achievement of 51% majority state control after
nine years (i.e. on 1 January 1982), it was clear by mid-1973 that a far more rapid assertion
of state control over the operations of concessionaire companies was occurring in other
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OPEC countries notably Iraq, Kuwait and Libya. By October 1973, the power of OPEC
increased in the oil market and so did the transfer of pricing and production decisions to
the producer government. Taxes rose to 85% and royalty to 22%.29
On 10 June 1974, an agreement was signed to increase the level of state
participation to 60% with effect from 1 January 1974. In late November 1974, after
strong pressure from the Saudi government, the Aramco parent companies accepted the
principle of 100% take-over, and in July 1976 they had reached agreement with the
government effective from 1 January 1977, on the main conditions under which Aramco's
role was to be changed to that of a contractor, and its concessionaire status terminated.
Government ownership of Aramco assets and facilities with Aramco establishing a separate
account for the government was accepted. The parent companies then received additional
payments which were understood to represent the difference between the net book value of
60% of Aramco's upstream producing assets in addition to the earlier payment that was
paid in August 1973 on the basis of the updated book value of 25% of these assets.
Negotiations between the parent companies and the government on most outstanding issues
were completed in July 1980. The shareholders of Aramco voted to transfer all its assets
to the Saudi government. The final payments were received by the companies in respect
of the net book value of their remaining 40% interest in Aramco's producing assets.
From then on Aramco held the assets on behalf of the government. However, no
formal agreement was signed. Aramco continued to operate and manage the oil and gas
fields in the Kingdom on behalf of the government until 1988 when Saudi Aramco took
over those responsibilities. The situation of the company was rather unusual, for though it
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was owned by the government, it was legally registered in Delaware, USA. The assets
were owned by the Saudi government, but Aramco was technically owned by the
companies and not the Saudi government. This was in spite of the fact that the managerial
dividends (divided between the companies according to the percentage of ownership (30%,
30%, 30% 10%)) were paid by the government from January 1976 to the time of the
complete ownership in 1988.3°
d) Establishing Saudi Aramco in 1988: 
In November 1988, the Council of Ministers approved the Articles of Aramco
incorporation and a Royal Decree establishing Saudi Aramco was issued on 13 November
1988. All outstanding assets transfer issues between Ararnco and subsidiaries and Saudi
government were resolved by January 1990.
2.4.2 Decision-Making in Saudi Aramco 
The Royal Decree establishing the Saudi Arabian Oil Company (Saudi Aramco)
laid out the Articles of incorporation of the company. 31 The Articles contain the legal
status, spheres of activities, financial and administrative status and the fiscal arrangements
with the government.
The articles of incorporation of Saudi Aramco, give it rights to engage in all oil
related activities in the Kingdom and abroad (Article IV). Although owned by the
government (Article I), the articles specify its commercial nature (Article VI). It sets the
capital of the company at 60 billions Saudi Riyal subscribed by the government
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represented by its rights and assets which were managed by the Arabian American Oil
Company (Article VII).
Articles VII to X specify the company's funds and finances and the allocation of
income. Its funds are to be obtained from the capital reserves, other real property, loans
and income. Article (Xb) sets the conduct of the financial obligations of the company:
After deducting all general expenses and costs, including
depreciation, in accordance with recognised accounting
principles, royalty, income taxes and any other fiscal
obligations, the remaining cash funds, after providing for
approved capital investments, shall be paid on a current basis
to the Saudi Arabian Monetary Agency to the account of the
Ministry of Finance and National Economy. The Ministry of
Finance and National Economy and the Ministry of Petroleum
and Mineral Resources shall agree on the banks through which
such funds will be deposited and on the payment dates (Article
X(b).
The articles of incorporation give the company the privileges and rights provided in
the old concession agreement of 1933 and all its supplementary documents and agreements
(Article )0CIV). In addition, the same fiscal and tax arrangements that applied to the
concession agreement apply to the company, as well as the subsequent agreement in terms
of royalty payments and income tax (Article XI).
Concerning relations with the government, the Articles assign the Ministry of
Petroleum to oversee all technical and financial activities of the company and to ensure that
the corporation fulfils the goverment oil policies. It assigns the Bureau of the Controller
General the role of reviewing the company's accounts (Article XXVIII).
The Ministry of Petroleum and Mineral Resources shall oversee
all technical activities of the Corporation and shall monitor all
its revenues and expenditures. The Ministry of Petroleum and
Mineral Resources shall see that the corporation fulfils the
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Government's oil policies and that the Corporation continues to
conduct its operations in a diligent, efficient and accordance
with first-class oil industry practices to insure conservation of
the petroleum resources (Article )0CVII).
The Articles establish a Supreme Council for the corporation and outline its responsibilities
in articles XII to XV to determine the company's general policy. It consists of ten
Members appointed by Royal Decree who endorse the five year business plan, and capital
investment, appoint the President, appoint the editor and approve the company's balance
sheet and the annual report of the Board of Directors.
Articles XVI-XXI concern the functions of the Board of Directors of the company and its
responsibilities, and aarticles XXII and =II set the broad functions of the president of the
company. The Board is to discharge the company's functions. It is empowered to
nominate the president, approve the corporation's internal, financial, administrative,
technical and personal policies and approve the establishment of corporate subsidiaries. It
authorises loans and the investment of the company's assets, reviews the business plan,
and prepares the annua,1 report for submission to the Supreme Council.
a) The Supreme Council of Saudi Aramco: 
Chaired by the King, this was established when the Royal Decree was signed in
1988. The Ministry or Aramco would formulate policy towards the international oil
market and downstream operations, as well as domestic energy issues. Then it would get
the approval of the Council or the King. For example, if Saudi Arabia wanted to invest in
the downstream, the subject would be studied by Aramco and the Ministry and then be
referred to the Supreme Council or the King for approval. The Council was given
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authority to approve the company's 5-year work plan and 5-year plan for future capital
investment, to appoint the president of Saudi Aramco, to approve the board of directors'
annual report, and to decide on all other matters presented by the board.
b) Saudi Aramco's Board of Directors:
According to the Royal Decree of 1988, the Saudi Aramco board of directors is to
be chaired by the Minister of Petroleum and Mineral Resources. The members are
nominated by the Minister and appointed by Royal Decree. Four out of the eight members
are executives in charge of managing the company, one of whom is the president of the
company. The current board has 11 members including two ministers and the rector of
King Fahad University for Petroleum and Minerals. The three non Saudis in the Board are
the former chairmen of Exxon Corp. and Chevron Corporation and one is the vice-
president of a US Bank.
c) Management Structure: 
Up to 1996 the company was divided into four business centres, each of which was
co-ordinated and directed by an Executive vice-president (Production Operations,
Manufacturing Operations, Finance Affairs, and International Operations). Saudi nationals
hold nearly all of the company's management positions. By 1996 a number of changes in
Saudi Aramco's organisational structure were implemented (see Figure 2.3) reducing the
management to three business centres headed by Executive Vice Presidents (EVP). These
three centres are Production Operations, Manufacturing Operations and Financial Affairs.
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Figure 2.3: The Structure of Saudi Aramco (1997). 
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d) Business Plan: 
The "Business Plan" of the company articulates its strategies for five years. It is
renewed annually followed by a one year back out and the addition of the next year. For
example in 1997, the year 2003 is added to the year's plan and 1997 deleted from it. The
Business Plan is comprehensive including world oil outlook, the production capacity,
crude oil and gas programme, appropriation and capital expenditure, manpower, internal
demand for petroleum products, and the oil price. It is presented to the Executive
Committee of the Board before being presented to the Board itself. It is usually revised or
amended depending on the business environment of the company.32
2.4.3 The Vertical Integration of Aramco: 
Aramco started as an upstream oil company and continued to operate in the Saudi
upstream sector until its full acquisition by the government of Saudi Arabia and the
establishment of Saudi Aramco. Before that, the only downstream operation it had was
the Ras Tannura refinery. All refining and distribution within Saudi Arabia was entrusted
with the state government organisation Petromin and later SAMARC. It entered into gas
utilisation and delivery in the mid seventies upon a decision by Supreme Petroleum
Council to utilise the until then flared associated gas. Aramco was given the mandate to
construct and operate the Master Gas System (MGS) in Saudi Arabia and deliver the gas to
the users in electricity water desalination and petrochemical industries. The later which
was envisioned to be a downstream industry to be undertaken by Petromin, ended up under
the Ministry of Industry, and a new state company, SABIC, was set up in 1977 to utilise
the gas into its petrochemical derivatives.
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After the establishment of Saudi Ararnco, it embarked into foreign downstream
ventures and started with the joint Venture, Star enterprise, with Texaco with two
refineries and distribution outlets in the Southern and Eastern coasts of the US. With a
more than 600,000 BD refining capacity and 10,000 distribution outlets. It also acquired a
35% share in South Korea Ssangyong refinery and distribution interests, and continued
along the path of vertical integration with the aim of securing market outlets for its crude.
The details of Saudi Aramco foreign downstream ventures are detailed in table 2.1:
Table 2.1: Saudi Aramco Foreign Downstream Ventures.
Foreign Downstream
location
Interests of Saudi
Aramco installed
capacity
share
%
Distribution
outlets
Companies
USA(1988) Delaware City 150 50
10,000
Star Enterprise
Convent 220 50 Star Enterprise
Port Arthur 245 50 Star Enterprise
S.Korea (1991) Onsan 525 35 1125 Ssangyong
Philippines Bataan 165 40 964 Petron
Greece Carinthg 100 50 619 M.Hellas
1405 43.2
-
Source :Colletti and Simeori (1996), Petrostrategies, May 14, 1994.
Table 2.2: Ranking of Top Ten Companies Upstream and Downstream 1996.
Rank Prod.
MMBD
Refining Capacity
MMBD
product Sales MMBD Overall Index
1 S.Aramco 8.797 EXXON 4.273 SHELL 6.316 S.ARAMCO 100
2 NIOC (Iran) 3.781 SHELL 3.791 EXXON 4.733 PDV 96.9
3 PEMEX(Mexico) 3.277 SINOPEC 2.967 MOBIL 3.368 SHELL	 95.8
4 PDV(Venezuela) 2.967 PDV 2.437 S.ARAMCO 2.899 NIOC	 92.9
5 CNPC (China) 2.828 Mobil 2.297 PDV 2.752 PEMEX	 92.5
6 SHELL(Netherlands) 2.213 S.ARAMCO 1.970 TEXACO 2.553 EXXON	 92.2
7 .KPC (Kuwait) 2.100 BP 1.965 CHEVRON 2.066 MOBIL	 81.0
8 EXXON(USA) 1.615 CHEVRON 1,661 BP 1868 PERTAMINA79.6
9 SONATRACH(Algeria) 1.345 TEXACO 1.532 PETROBRAS 1.725 KPC	 78.6
10 NNPC(Nigeria) 1.335 PEMEX 1520 PEMEX 1481 BP	 75.2
Note: The overall index combine six criteria: reserve, production of oil, Gas, refining capacity, and
product sales
Source :PIW, December 22, 1997.
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The big boast in Saudi Aramco's vertical integration drive came in 1993 when it
acquired the downstream assets of Petromin owned SAMARC. It acquired 1.7 MMBD of
domestic refining capacities and bulk plants with three domestic refineries and three joint
ventures refineries with shell, Mobil and Greek concern but subsequently bought the
shares of the Greek interests in Rabigh Refinery. This acquisition increased Saudi
Aramco's wholly owned and joint venture refining capacities to 2.0 MMBD with crude
access of 3.0 MMBD. This drive downstream increased the integration index of Saudi
Ararnco to 35 percent and was sixth in refining and seventh in distribution world-wide
according to PIW classification. It is ranked the first in upstream and in overall PIW index
as shown in Table 2.2:
2.5 Other Saudi Oil-Related Companies and Organisation
There are two other major state companies or organisations. These are the General
Petroleum and Mineral Organisation(Petromin) and the Saudi Arabian Basic Industries
(Sabic).
2.5.1 General Petroleum & Mineral Organisation (Petromin) 
In 1962, the General Petroleum and Mineral Organisation (Petromin) was formed by
Royal Decree (25/6/1382 H). The objective of establishing Petromin was
"diversification of the sources of income to avoid the political
and economic risks which may result from dependence on
one source, namely petroleum."33
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Petromin was established to use petroleum as a base from which to create new
industries, and to integrate petroleum activities more into the economy. Since its
establishment it has been involved in the development of the petroleum and mining sectors.
In the downstream oil sector, it established many refinery and lubricating plants and was
the main agent for local distribution of refined products. In the mining sector it set up two
gold mining projects. It also set up two oil servicing companies for drilling and physical
survey.
Petromin was originally envisaged to be the state oil company. It was entrusted with
managing the share of the government in Aramco. But when Saudi Aramco was
established as a state oil company the future of Petromin came into question. In order to
restructure it along business lines, the refining and distribution interests were separated off
between 1989 and 1993, into Saudi Arabian Refinery and Marketing Company (Samarec34)
which was initiated by the Petromin Board of Directors and continued to function until the
refinery interests of Samarec were transferred to Aramco in September 1993.
Thus, Petromin was reduced to managing the government interests in the Lubricating
plants Lubref and Petrolube as well as the mining sector. When the assets of Lubref and
Petrolube were transferred to Saudi Aramco in 1996, and the Saudi Arabian Mining
Company (Ma'aden) was established in 1997, the future of Petromin became precarious.
This prompted the Council of Ministers to ask the Ministiry of Petroleum to present its
views as to the future role of Petromin after its initial functions were taken up by Aramco
and Ma'aden. Until now (April 1998) no official word on the future of Petromin is yet
available. But media reports" suggested that the Ministiry of Petroleum will recommend
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to the COM the dissolution of Petromin and the transfer of its remaining personnel to the
Ministry, Aramco or Ma'aden.
2.5.2 Saudi Arabian Basic Industries (Sable) 
Sabic was created by Royal Decree in 1976 and placed under the Ministry of Industry
and Electricity. Its objective is to expand the Kingdom's industrialisation beyond oil. The
company is 70% owned by the government, and 30% by the private sector. Sabic is a
holding company and involved in the manufacturing and sales of petrochemicals through
numerous joint and minority-owned ventures and wholly owned projects. It has marketing
subsidiaries in Hong Kong, London, Singapore and Houston. It obtain its feedstocks and
energy needs from Aramco in the form of methane, ethane and NGLs and processes them
into basic petrochemicals and fertilisers.
2.6 Conclusion.
The petroleum decision-making in the Kingdom of Saudi Arabia emanates
primarily from the King , the Council of Ministers (COM) and the Ministry of Petroleum
and Mineral Resources. Between 1974-1986, the Ministry of Petroleum and Mineral
Resources made recommendations to the King or the COM or the Supreme Petroleum
Council concerning oil policy, including oil production levels, investments in the
petroleum industry, and oil pricing. However, by the late 1980s a greater role had been
given to Saudi Aramco, i.e. to suggest policies pertaining & to the oil industry including
foreign downstream investments, expanding production capacity and other matters.
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Notes
' See section 2.4.1 for more detail of such concepts.
2 The Saudi Arabian government was not involved in the pricing or level of output that influenced the
international prices until the formation of OPEC; however the Agreement between Aramco and the Saudi
government in 1954 to increase the price (shown in its sales account for the period 1951-1953) by 24% and
to pay additional taxes and the offshore Natural Zone concession agreement with the Japanese Arabian oil
company(1957), and the Refinery Licence law of 1960 (See Stevens (1975).
3 The international majors described as the seven sisters ( BP, Chevron, Exxon, Gulf, Mobil Shell and
Texaco) who used to have control over the world oil market until the early seventies.
4 See Section about Saudi Ararnco in this Chapter.
5 King Faisal's death on 25 March 1975 (See Appendix 4).
6 The history of modern Saudi Arabia begins in the year 1902 when AbdulAziz Bin Saud (known as Ibn
Saud in the West) and a group of his followers captured the city of Riyadh. During the next twelve years,
AbdulAziz led his people to unite large parts of the Arabian Peninsula. On 22 September 1932, the areas
under the control of King Abdul Aziz came to be known as the Kingdom of Saudi Arabia.
7 Article 15 of BLG.
s "The Basic Law of Government" was issued on 27/8/1412H (March 1992) along with the law of the
Consultative Council and the Law of the provinces. (Article 55)
9 Article 56 (BLG).
I ° By 1950, three Ministries had been established: Ministry of Foreign Affairs, Ministry of Finance, and the
Ministry of Defence. By 1954, other Ministries were established including Interior, Communications,
Education, Agriculture, Commerce and Health. The Directorate General of Petroleum and Minerals with
other agencies and departments, followed in 1958.
1 I According to Article 18 the Council rules issued in 1958 and its amendments. Urn al-Qura (Makkah) 16
October 1953. In Soliman(1970). On 9 October 1953, a Royal Decree was issued to set up the Council of
Ministers.
12 Article 8 of the Basic Law of the COM system (1953).
13 Article 19 of the Basic law of the Council of Ministers (1412H) (1992).
" Article 8 (BL of COM (1992).
'Until October 1975 the Council of Ministers consisted of fourteen ministers. But it was expanded by a
royal decree into 23 ministers. And in August 1995 the number was increased to 29.
16 Al-Riyadh News paper, No 10604, 6/7/1997.
17 This information comes from Dr. 'Daman Al-Rowaf, an Associate Professor of Political Science in King
Saud University and a member of the Consultative Council (CC) since July 1997.
17 Article 23 BL of the CC.
19 Article 17 BL of the CC.
" Article 14 of the BLG.
21 see Appendix 1 and Appendix 4 for more detail.
'During an interview with former Minister Yamani (12/December/1996) he mentioned that in the OPEC
conference (December 1973) in Iran, though he left several messages for King Faisal, he was not able to
contact him. Yam ani said that he had to agree to the pressure of Iran and other members of OPEC to raise
the oil price up to $11.651/B. The King explained that he wanted Yamani to take this decision to raise
prices himself.
23 Nazer Interview 14/Feb/1997.
24 This chart was constructed using information from the Ministry's Public Relations with the help of Dr. Al-
Mohna the Director of Public Relation and staff in his office. June 1997.
25 Article 18 of the Basic Law of COM.
26 Washington Post 6 July 1973.
27 Business Week, 22-November 1976.
" Um al-Qura (Makkah) 3236 16/4/1409 H.
29 See appendix 3 for details of OPEC decisions.
30 The source is interviews with Yamani 12 December 1996 and other people from the Ministry of
Petroleum 1995 through1997)
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' I Articles of Incorporation of the Saudi Arabian Oil Company, Approved by Royal Decree no. M18 4 Rabi'
11 1409 (13 November 1988).
' Aramco Report (several issues).
33 Petromin Reference. Petromin, MINPET.
34 Samarec has never have been an entity. It was set up by the Board of Petromin. No Royal decree was
issued for its establishment.
35 Al-Hayat News paper, September 1997.
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CHAPTER 3
ANALYSIS OF SAUDI ARABIA'S OIL DECISIONS
3.1 Introduction
Having explained the petroleum decision-making process and its agents in the
Kingdom of Saudi Arabia, in this chapter I will discuss the decisions taking by Saudi
Arabia since 1974, and the motivations behind its behaviour in the world oil market. I will
try to provide a factual basis for the evaluation of the decisions made by Saudi Arabia, by
reviewing important decisions made in the oil market and analysing them in the light of
current literature and the results of the interviews I conducted.
The international oil market has had a long history of cartel behaviour. From the
mid-1920s to the early 1970s the oil market was controlled by international companies "the
majors" and since the 1970s OPEC has taken over pricing decisions. Within OPEC
member countries do not have equal importance. Saudi Arabia, with proven reserves in
1996 of over 261 billion barrels, constituting 25% of the world total, plays a very
significant role both in OPEC and in the international oil market. Even more importantly,
the Kingdom has had the ability to vary its production from as low as 3.6 MMBD in mid
1985 to as high as 10.3 MMBD in 1981. This range of possible levels, has permitted Saudi
Arabia to change its production according to its objectives.
37
Thus the importance of Saudi Arabia's oil policy has stemmed from three
distinctive sources. First the nature of oil as an exhaustible and tangible commodity,
where its production is situated in areas outside the major areas of consumption.' Second,
the nature of the oil market, which has been transformed from the control of international
companies to governments of the producer countries via OPEC, and into the more
competitive features prevailing now. The third source is the nature of Saudi Arabia's oil
resources. It is the largest reserve holder and producer whose oil, unlike other producers,
reaches all markets in Europe, North America and the Far East.
Prior to 1973, Saudi Arabia did not have much say in its production and pricing
decisions. At times it was able to pressure the companies to increase production, but this
depended on the agreement of Aramco owners. However, after the unilateral increase in
oil prices by Gulf countries in 1973 and later by OPEC, a profound structural change
occurred in the oil market. Saudi Arabia, along with other exporting countries took control
of the oil industry upstream and the majors controlled it downstream.
Within the development of the oil market and its relations, Saudi oil policy has
gone through four phases:
1.	 Price Fixing Regime. (January 1974- February 1982)
This period is divided into two sub-periods: First, January 1974 up to October
1978, which represented a period of stable oil prices. After the price jump from
$3.08/B to $11.65/B in January 1974, it reached $14.6 in November 1978 at an
annual rate of increase of 5% only. The rate of real price increase was even
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lower if not negative. Second, the disruption of Iran's oil production in
November 1978 and the Iran/Iraq war in October 1981, followed by the start of
the decline in oil demand and the increase of non-OPEC supply.
2. Fixing Ceiling, Quotas and Prices: ( March. 1982 up to August 1985)
This period begins with the allocation of output' in March 1982 and continued
until the Saudi Arabian adoption of Netback Pricing.
3. Free Pricing and Production  (September, 1985 to December 1986)
This period witnessed the oil price collapse and Saudi Arabia's attempt to
regain its market share through netback pricing.
4. Volume Fixing, Flexible Pricing (January 1987 to present)
This period is marked by the use of market-related oil prices with the use of
formula prices and fixed quotas. The regime was interrupted from August 1990
to 1992 when a period of flexible prices and volume resulted from the crisis of
the Iraqi invasion of Kuwait.
3.2 Price Fixing Regime: January 1974-Febuary 1982
Between 1970 and 1973, due to the increasing demand for OPEC oil, production in
Saudi Arabia and other OPEC countries rose dramatically to the extent that Saudi Arabia's
oil production increased fourfold (Table 3.1) from 2.2 MMBD in 1965 to 7.6 MMBD in
1973; an annual rate of increase of 30% (see Figure 3.1).
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Table 3.1: Crude Oil Production of Saudi Arabia, 1965-1974 MMBD
Year Production Year Production
1965 2.2053 1970 3.7991
1966 2.6018 1971 4.7689
1967 2.8050 1972 6.0163
1968 3.0429 1973 7.5962
1969 3.2162 1974 8.4797
Source : OPEC Secretariat
Saudi Arabia's capacity also increased from 4 MMBD in 1968/69 to 9.1 MMBD
by the end of 1973. Being the biggest actual and potential producer in OPEC, Saudi
Arabia bore the brunt of political pressure from the industrialised countries to lower prices
in the aftermath of the first energy crisis in 1973/ 1974.
3.2.1 Price Stability: January 1974 to October 1978
The price adopted by OPEC in January 1974, represented a compromise between
the various tendencies among its member countries. Iran favoured a large price increase
from $5.11 in October to $11.65/B. Although Saudi Arabia favoured a modest increase, it
went along with the large one but resisted any further price increase. 3 During the May,
June and September, OPEC conferences in 1974, Saudi Arabia argued for lower prices
due to the declining demand while other members argued for an increase. In August 1974,
Saudi Arabia threatened to hold a major crude oil auction but this action was never
executed!' Finally prices were kept frozen throughout the year.
By the end of 1974, the whole of OPEC had agreed to freeze prices at $11.65/B
until the end of September 1975. The industrialised countries were suffering from
economic recession. The Saudi Supreme Petroleum Council set a production ceiling on
its oil production at 8.5 MMBD. But production declined from an average of 8.5 MMBD
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in 1974 to 7.6 MMBD in January, to 6.3 MMBD in March, and averaged out at 6.83
MMBD throughout 1975, a drop of 16.6% on 1974 5 (see Table 3.2).
Figure 3.1 : Crude Oil Production of Saudi Arabia. 1965-1974 MMBD. 
Year
Though refusing to agree to a formal production quota agreement within OPEC,
Saudi Arabia went along with a production cutback to help prop up the price of crude in
,
the face of decreasing demand.
	 In February 1975, Saudi Arabia cut its crude oil
production to 6.5 MMBD, a fall of 23.5 percent from the 1974 level.
In analysing the behaviour of Saudi Arabia during this period, many studies refer to
OPEC as a group of producers who were acting in a monopolistic fashion, with Saudi
Arabia acting as the swing producer selling less at the going price in order to protect that
price. Thus, the Dominant Producer view of the oil market was first coined during that
period. Although OPEC seemed to fix the price, Arab Light was the only crude that was
41
actually fixed. This meant that Saudi Arabia's crude exports always had to be lifted at the
official selling price. In a glutted market this is generally higher than the market's going
prices thus making more swing in the volume of Saudi output in response to changes in the
oil price (Mabro 1975 among others).
Table 3.2: Crude Oil Production for OPEC Members in 1974 and 1975.
Thousand Barrels per Day.
Average production % Change in Production
Country 1973 1974 1975 74/73 75/74
Algeria 1097.3 1008.6 982.6 - 08.0 - 25.7
Gabon 150.2 201.5 223.0 +34.0 + 10.6
Indonesia 1338.5 1374.5 1306.7 +02.6 - 04.9
Iran 5860.9 6021.6 5350.1 +02.7 - 11.0
Iraq 2018.1 1970.6 2261.7 +02.3 + 14.7
Kuwait 3020.4 2546.1 2084.2 - 15.7 - 18.0
Libya 2174.9 1521.3 1479.8 -30.0 -02.7
Nigeria 2054.3 2255.0 1783.2 +09.7 - 20.9
Qatar 570.3 518.4 437.6 - 09.1 - 15.6
Saudi Arabia 7596.2 8479.7 7075.4 +11.6 -16.6
LIAE 1532.6 1678.6 1663.6 +09.5 - 00.8
Venezuela 3366.0 2976.3 2346.2 -11.5 -21.0
Total 30779.7 30729.2 26994.1 +0.16 -12.2
Source; OPEC Statistical Bulletin.
This view was shared by Adelman who explained the changes in the oil market as a
result of OPEC acting as a cartel and Saudi Arabia as "the restrictor of the last resort"
(Adelman 1976, p.381). However, Gately (1984) explained such behaviour as
corresponding to a target revenue model where the cut in output would lead to an increase
in OPEC members' revenue resulting from the higher prices.
Others argued that since Saudi Arabia was the largest exporter with the biggest
financial surplus, it always emphasised that it was not cutting production deliberately as
part of any preconceived plan, but was only allowing it to fall in response to the neutral
trend of market forces (Seymour 1980). This was certainly true as far as it went, but the
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very fact that Saudi Arabia allowed, and perhaps encouraged, such a steep drop in export
lifting by the Aramco companies was a very positive action in support of OPEC.
According to the recollection of Mr. Farouk Al-Husseini 6 it was not only Saudi
Arabia who reacted to the decline in world demand, other OPEC producers reduced their
production in 1975 as well. If we look to the data, while OPEC production in 1975
declined by 3.5 MMBD (12.2%), Saudi Arabia's production declined by 1.4043 (16.6%).
All members of OPEC decreased their output except Iraq and Gabon (see Table 3.2).
However, Saudi Arabia lowered its production by a higher proportion than others, where
its share of OPEC production decline was 39.3% while its share of total OPEC production
amounted to 27.6%. Al-Husseini added that while Saudi Arabia sold at the price of the
fixed Arabian Light marker crude, other individual members could change their oil prices
according to differentials, and were able to change their differentials according to market
conditions. They would lower the prices by increasing differentials to increase sales of
their output. For example, Libyan exports fell from 1.95 MMBD in May 1974 to 0.95
MMBD in November of that year (50%). Later Libyan exports rose from 1.14 MMBD in
May 1975 to 1.52 MMBD and 2.10 MMBD in June. Abu Dhabi's oil exports fell from
1.22 MMBD in December 1974 to 0.75 MMBD in February 1975 and then started to climb
fast, reaching 1.83 MMBD in July 1975. Iraq enjoyed a steady growth in exports through
the whole period. During the earlier period exports fell due to the decline in demand.
Later on, members of OPEC adjusted their differentials to the lower price of their own
crude resulting in an increase of their output.
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Therefore, the first practical test of the cartel behaviour after the 1973/74 power
shift came in 1975 when Saudi Arabia's exports were subjected to fluctuations that resulted
from changes in relative prices. The decline of Saudi Arabia's output came partially from
the actions of other OPEC producers as well as the declining aggregate demand for OPEC
oil in absolute terms. Since prices were fixed, the decline in demand would ultimately
affect the output of the cartel. The decline in output depended on the flexibility in
adjusting differentials and other marketing aspects.
Figure 3.2:World Oil Consumption and Saudi Oil Production (Million tonnes) 1965-
1994. 
Consumption	 — — — Saudi Arabia
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As to Saudi Arabia's production behaviour then, it is clear now that the 8.5 MMBD
allowable ceiling set by the Saudi government was an annual average, so that initial
shortfalls could be made up during the year if market conditions permitted; provided that
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the average for the whole year did not exceed 8.5 MMBD. Subject to this ceiling Aramco
parent companies were left to programme their lifting of Saudi crude according to
prevailing market demand, without government intervention. Therefore, with world-wide
recession at the time, consumption of oil fell as consumers began to respond to higher
prices. Thus, demand for OPEC oil fell from 30.7 MMBD in 1974 to 27.6 MMBD in
1975. During this period, the production of Saudi Arabia declined from an average of 8.5
MMBD in 1974 to an average of 6.83 MMBD in 1975.
Although the decline in Saudi production averaged 1.5 MMBD of the 3.7 MMBD
OPEC production decline in 1975 over 1974, this decline was voluntary, Saudi Arabia
opposed any programmed cut in production to raise the price of oil. In the XLIII
Ministerial Conference of OPEC on 26 February 1975, other members (notably Algeria,
Iraq and Libya) proposed that OPEC members cut back their oil production to deal with the
falling oil demand in the main consuming countries (see Figure 3.2). 8 Saudi Arabia refused
such a proposal and accordingly any production programming as a policy of increasing oil
prices. It even campaigned with no avail within OPEC to bring about a reduction in prices.
The oil price stayed stable throughout 1974, until 1976. The reasoning behind this price
behaviour varied. Adelman (1995) argued that Saudi Arabia wanted to increase its share in
the market especially at times of declining demand. It was the only country abiding by the
reference marker price of Arab Light. Saudi Arabia's official stand was that higher prices
would reduce demand and weaken OPEC's position. 9 But Saudi Action in 1975 of
lowering production contradicted this hypothesis of increasing share. If Saudi Arabia
controlled output instead of fixing prices the very marked monthly variations in demand
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that have characterised the world petroleum markets since mid 1974 would have led to
very unstable prices.
A year later during the OPEC conference in Doha, Qatar in December 1976, Saudi
Arabia together with the UAE, decided to hold their price increase for the whole year of
1977 to 5% as against the majority decision of the other 11 OPEC members in favour of a
10% rise as of January followed by a 5%, increase in July of 1977. 10 The OPEC press
release recorded the first public split:
"Eleven countries, within the conference, decided to increase
the price of $11.51 per barrel (former price of the Marker
crude ) to $12.70 per barrel as of January 1st 1977, and to
$13.30 as of July 1st 1977. The price of all other crude shall
be increased by the same amounts. Saudi Arabia and
United Arab Emirates decided to raise their prices by five per
cent only." (OPEC,1996)
In order to back up their decision, Saudi Arabia increased its production from an
average of 8.7 MMBD in 1976 to an average of 9.4 MMBD in 1977 the production profile
for 1977 is shown in Table 3.3 where production increases from 8.5 MMBD and a
maximum for the year in April at 10.2 MMBD but Saudi Arabia was not able to raise its
production to the full capacity for technical reasons, due to a series of fires in some
facilities."
But by mid 1977, OPEC met again and Saudi Arabia agreed to raise its price by
5% in return for the other members accepting of a price freeze at the existing level instead
of implementing another increase of 5%. The reasons for this behaviour are varied.
Adelman (1978) explained the Saudi Arabian behaviour as an attempt to defend its market
share. The official Saudi position was to promote world wide economic recovery and to
46
combat world inflation. Others say the behaviour helped to strength the Saudi position at
the then North-South dialogue. 12
 The ministerial meeting of the Paris Conference on
International Economic Co-operation (CIEC) was held on 15 December 1976. This
indicates that Saudi Arabia could use the price of oil as a bargaining tool in other
negotiations and not just as a market mechanism in order to influence the negotiations in
favour of producing countries.
Table 3.3: Saudi Crude Oil Production and the Spot Oil Prices for Arabian Light API 34°.
from January 1977 to December 1977. (Thousands Barrels Der Day). 
Month Saudi
production
Arabian
Light
Price
Month Saudi
production
Arabian
Light
Price
Month Saudi
production
Arabian
Light
Price
Jan. 8482.2 12.235 May. 8459.6 12.610 Sep. 8682.0 12.605
Feb. 9616.0 12.600 Jun. 9555.4 12.612 Oct. 8648.1 12.612
Mar. 9840.8 12.543 Jul. 9795.1 12.666 Nov. 8930.6 12.670
Apr. 10207.3 12.562 Aug. 8623.9 12.652 Dec. 9616.7 12.683
Source: OPEC Secretariat.
But while members of OPEC requested a higher official price of the marker they
insisted on differentials to reduce their own market prices. As a consequence, prices for
the 340 API Arabian Light marker crude remained unchanged. 13 Thus other members of
OPEC had the flexibility to reduce the price of their crude, while Saudi Arabia had to sell
at the official price of OPEC even with the decline in demand for its oil.
The price unification of 1977 was the result of the following factors; the capacity
of the Saudi production facilities could not reach the 11.8 MMBD that Saudi Arabia was
hoping to utilise in backing up its decision on low prices; an accident in the facilities
resulting from a spell of extremely bad weather prevented physical access to the terminals"
and the fire in the oil facilities mentioned earlier led the Saudis to agree to the 5%
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increase. Moreover, Saudi production could not be sustained at the high level of 10.2
MMBD reached in April 1977. Therefore, Saudi Arabia recognised that by itself it could
not influence crude prices, because of its limited sustainable oil production. capacity
3.2.2 The Crisis Period: November 1978- February1982 
Later in 1978, Iran's production began to fall rapidly as a result of revolutionary
turmoil and strikes by the workers in the oil fields. From October to December 1978, the
spot oil price jumped from about $13/B to nearly $15/B (see Table 3.4). Saudi Arabia's
production increased from 9.2 MMBD in October 1978 to 10.4 MMBD in December of
that year (see Table 3.5).
Table 3.4 : Oil Monthly Average Official Prices and Spot Prices $/B for the Light crude
(Arabian Light API 34). 
Month Official Spot Diff Month Official Spot Diff
Oct. 78 12.704 13.122 -00.418 Jul. 80 28.000 34.162 -06.162
Nov. 78 12.704 14.650 -01.946 Aug.80 30.000 31.387 -01.387
Dec. 78 12.704 14.900 -02.196 Sept.80 30.000 31.875 -01.875
Jan. 79 13.339 17.587 -04.248 Oct. 80 30.000 37.812 -07.812
Feb. 79 13.339 23.166 -09.800 Nov.80 30.000 41.312 -11.312
Mar. 79 13.339 22.500 -09.161 Dec.80 30.000 39.350 -09.350
Apr. 79 14.546 21.250 -06.704 Jan. 81 32.000 38.850 -06.850
May 79 14.546 29.250 -14.704 Feb.81 32.000 36.800 -01.800
June 79 18.000 35.000 -17.000 Mar.81 32.000 36.680 -04.680
July 79 18.000 33.000 -15.000 Apr 81 32.000 35.437 -03.440
Aug. 79 18.000 31.125 -13.125 May81 32.000 33.312 -01.310
Sept.79 18.000 35.000 -17.000 Jun.81 32.000 31.750 +00.250
Oct. 79 18.000 38.000 -20.000 Jul. 81 32.000 31.783 +00.217
Nov. 79 24.000 41.166 -17.166 Aug.81 32.000 32.125 -00.125
Dec. 79 24.000 41.000 -17.000 Sept.81 32.000 32.030 -00.035	
.
Jan. 80 26.000 36.700 -10.700 Oct. 81 32.000 32.912 -00.912
Feb. 80 26.000 36.000 -10.000 Nov.81 34.000 34.312 -00.312
Mar. 80 26.000 35.937 -09.937 Dec.81 34.000 34.160 -00.160
Apr 80 28.000 35.855 -07.855 Jan. 82 34.000 34.062 -.00.062
May 80 28.000 36.212 -08.212 Feb.82 34.000 30.112 +03.80
Jun. 80 28.000 35.416 -07.416 Mar.82 29.000 28.470 +05.30
Source: OPEC Secretariat
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When OPEC met in Abu Dhabi in December 1978, an agreement was reached for
the first time on a strategy of gradually increasing the price with quarterly adjustments
throughout 1979 that would have resulted in $14.551B price for Arabian Light by the
year's end. If this had been carried out, the price would have increased gradually at the
rate of inflation. However, the spot price witnessed a sharp increase as the effect of the
first production cuts by Iran began to be felt.
Saudi Arabia's oil exports for the whole year of 1978 averaged 7.71 MMBD." It
registered an all-time record of 10.4 MMBD in December 1978. Since Iran's production
fell to almost zero in January 1979 Saudi Arabia decided to raise the self imposed
production ceiling on Aramco by 1 million BD from the 8.5 MMBD to 9.5 MMBD on a
temporary basis applicable for the first quarter of 1979.
Table 3.5: Saudi Arabia Crude Oil Production for from October 1978 to February 1982
Thousands Barrels per Day. 
Month production Month production Month production Month prod
Oct. 78 9323.2 Oct. 79 9726.5 Oct. 80 10533.3 Oct. 81 9684.7
Nov. 78 10272.7 Nov 79 9803.5 Nov. 80 10333.9 Nov. 81 8621.1
Dec. 78 10409.9 Dec. 79 9783.9 Dec. 80 10229.1 Dec. 81 8661.5
Jan.	 79 9799.4 Jan. 80 9739.9 Jan. 81 10255.3 Jan. 82 8668.4
Feb. 79 9781.0 Feb. 80 9763.3 Feb. 81 10164.7 Feb. 82 8708.6
Mar. 79 9779.0 Mar. 80 9781.0 Mar. 81 9931.5
Apr. 79 8766.6 Apr. 80 9738.9 Apr. 81 10192.2
May 79 8766.6 May 80 9737.6 May 81 10157.2
June 79 8802.7 Jun. 80 9750.5 Jun. 81 10165.2
Jul.	 79 9796.5 Jul.	 80 9739.6 Jul.	 81 10251.1
Aug. 79 9769.4 Aug. 80 9738.8 Aug. 81 10446.2
Sept. 79 9778.1 Sept. 80 9709.1 Sept. 81 9164.6
Source: OPEC Secretariat
In mid-March 1979 Saudi Arabia announced that production was immediately
being reduced to a ceiling of 8.5 MMBD for the second quarter. This required Aramco to
cut below 8.5 MMBD in order to reach the quarterly average. As a consequence the
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cancellation of some contracts was necessary, which drove customers for Saudi oil, to turn
to the spot market. Between January and February 1979, spot prices of Arabian Light rose
from about $17.5/B to over $23/13. In early April, Saudi Arabia announced that production
would continue at 8.5 MMBD for the second quarter of 1979, but the spot prices climbed
to reach $29/B in May and $35/B in June. Uncertainty concerning Iran's plans for future
production led consumers to try to stockpile oil, setting off speculative price increases on
the spot market. In April-June, Arabian Light spot prices increased from $21/B to $ 35/B
and in September - November from $35/B to $41/B. Peaking in November 1979, the
Arabian Light spot price was a full $17/B above its official price.
This period is marked by the following events; from November 1978 to January
1979 the increase of Saudi production; and from 21 January1979 to 9 April 1979, the
increase of the ceiling of Saudi production from 8.5 MMBD to 9.5 MMBD; from April 10,
1979 to 4 July 1979, the decline of Saudi production to the previous 8.5 MMBD, the
Iraq/Iran war in October 1980; and finally, the increase of the official OPEC price to
$34/B in November 1981, until March 1982, when OPEC started production programming.
Table 3.4 gives Saudi crude production for the corresponding months.
The Iranian oil disruption and the first increase in Saudi Arabian oil production up
to the maximum capacity in December 1978, was followed by a production cut on 20
January 1979, after the announcement to increase the production ceiling for the quarter to
an average of 9.5 MMBD, and the announcement in March 1979, to go back to the ceiling
of 8.5 MMBD. This led to an increase in the spot prices and different explanations of the
Saudis' action.
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Some critics maintained that the Saudis actively sought higher prices. According to
this view, if Saudi Arabia wanted to keep the lid on prices, it could have maintained its
production at 9.5 MMBD which would have maintained the pressure on the upper-tier
price producers. 16 The cutback by Saudi Arabia was understood to have kept the market
tight and let the pricing initiative remain with OPEC members (PIW 4.16/1979).
Adelman (1982) also held the view that Saudi Arabia favoured higher prices
regardless of its pronouncements. He noted that
"governments, like stockholders, are always in pursuit of
more money for many purposes some of which they do not
know themselves. However, the more money they have the
better, whatever they want to buy, whether it be investment,
consumption, influence, armaments or anything else"
(Adelman(1982).
Saudi Arabia at that time was criticised by the other members of OPEC and by the
new regime in Iran for 'over producing'. In an attempt to win back some Arab friends,
gain the support of the new regime in Iran and defend itself as serving both its national
interest and the interest of OPEC members, at a time when Arabs were very unhappy with
the direction of American politics, Saudi Arabia cut its oil production. Quandt (1982)
emphasised this political dimension to Saudi Arabia's production decisions during that
period.
Another political reason for the production cut in the first quarter of 1979 was
attributed to the Kingdom's dissatisfaction with US policies in the Middle East at that
time, resulting in the Camp-David accords and Egyptian - Israeli peace treaty which was
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opposed by the other Arab governments including Saudi Arabia. Furthermore, the
American reaction to the Saudi cut in January was so severe that the US press ran articles
criticising Saudi Arabia. Relations between the two countries seemed to have deteriorated
during the period to the point that Saudi Arabia asked the US ambassador to leave Riyadh.
Golub (1985) reasoned that the change in Saudi's oil policy resulted from changes
in its relations with the USA. He stated that: "Although relations between the US and
Saudi Arabia first developed strains in late 1978, it was not until 1979 that these strains
reached crisis proportions in the United States." During the interviews in the course of
this thesis, Yamani related the change to Arab countries' pressure on Saudi Arabia to
lower production. Nazer related it to the constraint in production capacity and was
supported by Seymour who thought that technical problems in the oil fields following the
high production levels in late 1978 had caused some technical difficulties which prompted
the production cut in the first quarter of 1979.
To evaluate the different hypotheses we need to look at factors affecting Saudi
Arabia's production policy in the light of the underlying supply/demand situation
prevailing at the time namely:
1-The size of the reduction in Iranian supply.
2- The maximum capacity of Saudi production.
3- The Production capacity of other producing countries.
4- The level of demand.
Before November 1978, the average monthly Iranian output ranged between 5.3
MMBD and 6 MMBD. However, in November it had declined to 3,494 thousand BD
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and continued to decline to its lowest level of 404,000 BD in January 1979 before rising
'slightly to 758,000 BD in February 1980. During the period between October 1978 and
March 1979 the production of Saudi Arabia increased from 7.4 MMBD in September 1978
to 9.3 MMBD in October, and 10.2 and 10.4 MMBD in November and December 1978
respectively. Saudi production continued at the this level in the first quarter of 1979
reaching an average of 9.8 MMBD, when Iranian production averaged 1.13 MMBD only in
that quarter (Table 3.6).
Figure 3.3: Crude Oil Production for Saudi Arabia, Iran, and Iraq June 1978 to February
1981. Thousands Barrel per Day
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Iranian production climbed to more than 4 MMBD between April and June 1979, an
increase of 3 MMBD over the 1st quarter period, thus diminishing the reason for increasing
Saudi outputs (see Figure, 3.3). Total OPEC production increased from 29.2 MMBD in
the first quarter 31.1 MMBD in the second quarter of 1979, in spite of the decline in Saudi
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Arabia's production from 9.8 MMBD in the first quarter to 8.8 MMBD in the second
quarter of 1979. (see Table, 3.6)
Table 3.6 The Monthly Production for Saudi Arabia. OPEC Members. Supply of non-
OPEC and World Consumption
Year Month Iran Saudi
Arabia
OPEC	 11
Members
OPEC 13
members
Non-
OPEC
Supply
World
supply
world
excluding. CPE
consumption
1978 Q3 5.886 7.651 16.889 30.426 - -
Oct. 5.490 9.278 17.660 31.934 - -
Nov. 3.494 10.251 18.030 31.775 - -
Dec. 2.371 10.403 16.766 30.663 - -
Q4 3.785 9.977 17.695 31.457 - -
Avg .
1978 5.197 8.300 16.390 29.887
- -
50.775
1979 Jan. 404 9.788 18.166 28.358 17.222 45.580
Feb. 758 9.777 18.517 29.025 17.468 46.520
Mar. 2.220 9.774 18.275 30.269 17.374 47.643
Q1 1.127 9.780 18.319 29.226 17.355 46.581
Apr. 4.134 8.791 18.256 31.181 17.594 48.774
May. 4.107 8.781 18.173 31.061 17.657 48.718
Jun. 3.936 8.779 18.311 31.026 17.713 48.739
.Q2 4.059 8.784 18.246 31.089 17.655 48.744
Jul. 3.766 9.773 18.285 31.824 17.882 49.706
Aug. 3.741 9.771 17.893 31.405 17.851 49.256
Sep. 4.009 9.772 17.772 31.553 17.718 49.271
Q3. 3.839 9.772 17.983 31.594 17.817 49.411
Oct.
.,
3.800 9.721 17.897 31.418 17.857 49.275
Nov. 3.300 9.798 18.172 31.270 18.013 49.282
Dec. 3.100 9.778 18.186 31.064 18.085 49.149
.Q4 3.400 9.765 18.085 31.250 17.985 49.235
avg.
1979 3.118 9.529 18.155 30.802 17.681 48.482 51.215
Source: Petroleum Intelligence Weekly, (PIW) different issues.
The above showed that Saudi Arabia acted as the world's residual supplier or
Swing producer. The fact that Iran's crude oil is light, increased the burden on Saudi
Arabia since most of its production is light while other Gulf OPEC members excess
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capacity was more oriented towards heavier crudes which did not match the refinery
configurations in the major industrialised countries.
We can show the interrelation between the Saudi Arabian and Iranian exports,
under the impact of Saudi Arabia's decision at the beginning 1978 to limit exports of
Arabian Light to 65% of its exports for the year 1978.' 7 In the following months the
Iranian Light had been on the increase, both in absolute and relative terms. In June 1978
the production of Saudi Arabian Light had fallen from 5824 thousands BD (76.56% of
production) in May to 4322 thousands BD (59.27% of production). Exports of Iranian
Light on the other hand climbed from 1910 thousands BD (47.28%) of total exports) to
2255 thousands BD (54.18%) of total exports in the second quarter:8
Figure 3.4: Oil Monthly Average Official Prices and Spot Prices VB (Arabian Light 34)
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Ademan's view that Saudi Arabia favoured high prices seemed to be at odds with
its attempts to hold down the official price throughout the rest of 1979 and 1980. If Saudi
Arabia was seeking higher prices the opportunity would have been greatest in October
1978 during the oil workers' strikes in Iran. A small cut in production would have lead to
an increase in prices. However Saudi Arabia took the opposite step, it raised production to
more than 10 MMBD.
Saudi Arabia had raised the ceiling on Aramco crude oil production by 1 million BD
from the regular 8.5 MMBD to 9.5 MMBD on a temporary basis applicable for the first
quarter of 1979. The decision was taken on 19 January, when production had been
running at around 10.4 MMBD in the first 19 days the month. This prompted Aramco to
cut production sharply after the announcement concerning the new ceiling.
The period 1979-80 was also marked by the increasing role of the spot market
resulting in another multi-tier price system whereby spot prices were running ahead of
official prices (Table 3.5). Saudi Arabia called for lower oil prices, and kept the official
prices ranging from $26 -34 /B for the period 1980-81 while spot prices rose in some
months to the level of $40/B causing a gap of $17/B between the official price of Arab
Light and the spot prices (Figure 3.4). The official explanation given by' Crown Prince
Fahad in an interview to the New York Times was that Saudi Arabia did not want "to
exploit the situation, that we want to lessen the sharpness of the oil crisis. 	  The
companies that do the marketing should be accountable to their respective governments for
the very high profits they make. If these companies had bought at a certain limited price
and sold at a certain reasonable profit, the energy crisis would not have blown up."'
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Figure 3.5: The Spot Prices for Different OPEC Light Crude VB from October 1978 -
February 1982 
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Saudi Arabian official prices lagged well behind those of all other OPEC and non-
OPEC producers. Saudi Arabia appeared to have been a price follower throughout the two
years of price increases, with much smaller price rises than others up to April 1981. The
reason for this was that OPEC members acted no differently than the non-OPEC producers
(with the sole exception of Saudi Arabia) increasing prices irrespective of OPEC decisions
thus undermining the monopoly power, its control and its cohesion. The manner in which
official prices followed spot prices varied from country to country. At one extreme OPEC
member country Ecuador followed spot movements quite closely. At the other extreme,
Saudi Arabia lagged behind when all other official price rises throughout the period and its
D'	 S' New Supply/Iranian
New demand (speculative cuts
New -market clearing/spot
Market clearing official /spot
Quantity
Price
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official prices bore little or no relationship to movement in the spot price throughout 1979-
' 1980 (see Figure 3.5).
During the period "multi-tiered" pricing appeared within OPEC, with Saudi Arabia
keeping Arabian Light price increases to a minimum, and the rest of OPEC applying a
much higher "Marker Price" to set their differentials. This happened despite frequent
attempts by Saudi Arabia to achieve price unity for example in November 1979 when it
increased the official price by $6 from $18/B to $24/B (Appendix 3) in order to close the
existing price gap and also in January 1980 when Saudi Arabia again tried to close the
gap with its own $2/B increases in June 1980. These attempts served only to induce
further price increases by the rest of the OPEC countries. Saudi Arabia proved that even its
main objectives of keeping moderate oil prices and a good relationship with OPEC
members, were contradictory.
Figure 3.6: Supply and Demand for Oil and the Influence of Supply Interruption. 
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Nonetheless, some OPEC members did stick closely to the pricing pattern of Saudi
Arabia. Indonesia and Venezuela increased official prices only slightly faster than Saudi
Arabia in 1979 and remained stable thereafter. The motives of Saudi Arabia and this group
of relative "moderates" can be explained by their attempts to keep the oil market stable and
their reluctance to take full advantage of the increase in prices created by the spot market
and the more aggressive producers. During the period producers within OPEC decided
individually on both their output and prices, which was far from constituting a cartel in the
economic sense of the word.
Although Saudi Arabia tried to lower world oil prices, through increasing its
production levels, this attempt to enforce its price decision as in the "dominant-firm
hypothesis" was not very successful and led Saudi Arabia to follow the market and
increase its official price. As shown in Figure 3.6, the effect on price of movement in the
Saudi supply curve was counted backward by a movement by demand due to speculative
motives. The same market situations that appeared during November 1978- April. 1979
and characterised the interruption of Iranian crude were repeated in the September 1980
period at the beginning of the Iran/Iraq war. During the first period, Saudi Arabia filled
2.2 MMBD of the interrupted Iranian supplies of 4.7 MMBD under official prices lower
than spot market prices. The monthly difference between the two price sets averaged $5/B
(Table 3.5 p. 46). During the second period, the supply interruption from Iraq and Iran
amounted to 3.4 MMBD. Saudi Arabia filled only 0.82 MMBD of that at official prices
much lower than spot market prices.' The monthly price difference between the two sets
amounted to $ 7.587/B .
59
Theoretically it was impossible for a fixed price regime to survive amidst the
proliferation of spot transactions. This was evident in the fourth quarter of 1978 and the
first quarter of 1979. The seasonal demand surge coupled with the supply interruption
caused spot prices in all markets to run ahead of official prices.
The period which characterised the first production surge by Saudi Arabia to fill the
Iranian export shortfall during the Iranian revolution was followed by a production decline
to allow for a resumption of Iranian exports. In the period after the Iran-Iraq war, Saudi
Arabia maintained its production at around 10 MMBD throughout 1980 into the fourth
quarter of 1980, despite the fact that world demand for OPEC oil had declined. Saudi
Arabia maintained its average production of 10.4 MMBD in the fourth quarter of 1981
despite a decline in world demand of 1.8 thousand BD and a decline in overall OPEC
production of 2.1 MMBD.21
Askari (1991) and Quandt (1982) explained that the rationale behind Saudi Arabia's
policy of increasing its output to the maximum sustainable capacity of nearly 10 MMBD
from 1979 to 1981, thereby preventing even further prices rises, was due to a combination
of political and economic factors. Economically, Saudi Arabia tried to keep a moderate oil
price that would be in its best longrun interests because it would keep the oil market
healthy and intact.
Roberts (1984) explained that the Saudi policy of maintaining a very high output
despite weakening demand, and thereby causing production cuts in the rest of OPEC, was
aimed at bringing the rest of OPEC down to around its official marker price. He added that
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"It was an attempt by Saudi Arabia to reassert its position in the organisation and indeed in
the whole oil market"(Roberts, 1984).
At the official level then, the Oil Minister justified the continuation of high output
as being essential to bring down the oil price to the level favoured by Saudi Arabia. Saudi
Arabia acted as the market leader to bring the rest of the system down to its level. It was
aided by a general weakening of the market. The Saudi policies of 1981 fit well into the
pure "dominant producer" leadership model. By virtue of its position as the largest
supplier, it was able to enforce its chosen price regime on the rest of the system. The
agreement for the $34/B marker in 1981 showed the desire of Saudi Arabia for a
unification of OPEC pricing. Here it succeeded in unifying at higher levels, unlike in the
previous two years when its desire to unify the price at lower levels was not successful.
The existence of excess capacity in some OPEC countries, meant that a price
reduction by Saudi Arabia would be matched by like behaviour on the part of others. The
inelastic demand for OPEC oil meant that price reduction would lead to lower revenues for
all members. Saudi Arabia realised this dilemma when it decided to defend the price. The
problem was that the agreed unified marker price was too high to defend, and this
necessitated price volume trade off in the coming years.
3.3 Fixing Ceilings, Quotas and Prices: March 1982- August 1985
The period 1982-85 was characterised by a great excess of supply. The slack market
in 1981 turned, in 1982, to a glutted one confronting all producers with tough choices. In
one year only, OPEC's share had dropped from 40% in 1981 to 35% in 1982 while Saudi
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Arabia's share in OPEC had dropped by almost 10 percentage points from 44% to 34.6%
. in 1982 (Table 3.7).
Table 3.7: Crude Oil Production by Saudi Arabia. Total OPEC and World Oil 1981-1985 
(Thousand Barrel per Day)
Year 1981 1982 1983 1984 1985
Saudi Arabia 9808.0 6483.0 4539.4 4079.1 3175.0
OPEC 22387.6 18759.5 16754.8 16091.1 15184.9
Saudi % OPEC 43.80 34.55 27.09 25.35 20.90
Total world 56049.1 53491.6 52572.1 53186.9 52937.8
Non-OPEC 33661.5 34732.1 35997.3 37095.8 37752.9
Non-OPEC% 60.1% 64.9% 68.1% 69.7% 71.3%
OPEC % World 39.9% 35.1% 31.9% 30.3% 28.7%
Source: OPEC secretariat.
Table 3.8: Indicators of Petroleum Use in the OECD Countries. 
Consumption
(MMBD)
Imports
(MMBD)
Oil share in
Consumption
of Energy
Intensity use
Energy	 Petroleum
Change in
seasonal
demand
1974- 40.3 27.6 51 0.53 0.27 4.0
1979
1980 38.6 23.5 48 0.50 0.24 3.6
1981 36.4 23.5 48 0.48 0.22 2.7
1982 34.6 17.8 45 0.47 0.21 2.8
1983 33.8 16.7 44 0.46 0.20 0.8
1984 34.3 17.1 43 0.45 0.20 1.8
1985 34.0 15.6 42 0.44 0.19 1.7
1986 34.4 16.1 43 0.43 0.19 0.7
Source: Several Issues of OECD Economic Outlook and Energy Policies Program of IEA Countries
1984 and 1987 Review.
The reduced demand for oil resulted from both a decline in oil share in world energy
consumption and from a reduction in overall energy intensities (see Table 3.8). Increasing
non-OPEC production (see Table 3.7) and continuing excess capacity in OPEC caused
slackness in the market which put spot prices under pressure and forced subsequent
reductions in official prices (see Table 3.9).
Faced with a glutted market and continued pressure on the price of the marker,
OPEC decided in March 1983 to lower the price of the marker from $34/B to $29/B and to
adopt for the first time a ceiling and quotas in what came to be known as the London
Agreement (see Appendix 5). The signing of the agreement spelled out explicitly a role for
Saudi Arabia which came to characterise the market and Saudi Arabia as a swing producer.
The agreement stated that the conference decided to
"allocate quotas for member countries and no specific quota
had been allocated for Saudi Arabia which would act as the
swing producer supplying the balancing volumes to meet
market requirement within the overall ceiling." (OPEC
Resolutions 1996)
Table 3.9 :Official and Spot Crude Oil Prices S/B for Arabian Light (API34). 
Month official
Price
Spot
price
Month Official
Price
Spot
price
Month Offal
Price
Spot
price
Jan.84 29.00 28.630. Jan.85 28.00 27.860
Feb. 29.00 28.487 Feb. 28.00 27.700
Mar.83 29.00 28.200 Mar. 29.00 28.487 Mar. 28.00 27.737
Apr. 29.00 28.737 Apr. 29.00 28.387 Apr. 28.00 27.610
May. 29.00 28.590 May. 29.00 28.400 May. 28.00 26.962
Jun. 29.00 28.837 Jun. 29.00 28.037 Jun. 28.00 26.775
Jul. 29.00 28.975 Jul. 29.00 27.420 Jul. 28.00 27.060
Aug. 29.00 - 28.910 Aug. 29.00 27.762 Aug. 28.00 27.412
Sep. 29.00 28.650 Sep. 29.00 27.837 Sep. 28.00 27.587
Oct. 29.00 28.575 Oct. 29.00 27.760 Oct. 28.00 27.850
Nov. 29.00 28.290 Nov. 29.00 27.825 Nov. 28.00 27.937
Dec. 29.00 28.262 Dec. 29.00 27.662 Dec. 28.00 27.870
Source: OPEC Secretariat
During the years 1979-1981 non-OPEC production was increasing as well. North
Sea production increased by 600,000 BD in 1979 and continued to rise thereafter. The loss
of output from Iran and then from Iran and Iraq during the period 1979-1981 was offset by
the increases from OPEC, and principally from Saudi Arabia. It was also offset by the
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increase from non-OPEC producers which amounted to 2.5 MMBD. Table 3.10 shows the
net addition to supply from OPEC and key non-OPEC countries.
After the demand downturn of 1982 OPEC production decreased by 3,390 MMBD
from 1981, while non-OPEC increased by 1.025 MMBD and continued into 1983 and
subsequent years.
Figure 3.7 : OPEC and Non- OPEC Crude Oil Production 1965-199522. 
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The period 1981-1985 could be characterised as follows:
1. Declining demand due to slowdown in economic activity, conservation and
substitution effects fuelled by higher official prices.
2. Increasing output from non-OPEC producers (see Figure 3.7) because of the
high prices, favourable fiscal regime outside OPEC, increasing investment
expenditure for exploration and development of the major oil companies.
Nationalisation of some of the oil companies and participation agreements in
OPEC countries, led the companies to look for oil in different non-OPEC
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regions such as North Sea and Mexice ( see Table 3.10), which led to the
increase in non-OPEC supply.
3. Stock-building for the Strategic Petroleum Resources (SPR) in the USA. and
precautionary stock-building following the Iran crisis and the outbreak of the
Iran-Iraq war.
Pressure on the official price structure of OPEC because of the discounts and the
different price arrangements by other members as well as non-OPEC countries.
OPEC had accepted the role of the residual supplier, with Saudi Arabia playing the
Swing producer role. As described by Yamani,
"There is no doubt that the Kingdom carried the burden of
maintaining prices and production levels. If supply exceeds
demand prices fall, and if demand exceeds supply they rise.
The Kingdom therefore plays the pivotal or "Swing" role in
balancing supply and demand in order to achieve the right
price in the world market"'
The London ag,reement, 25
 which was intended to balance the market, set the stage for
more market instability in the next few years. Although the official price was lowered to
$29/B, this reduction was not sufficient to arrest demand decline and the substitution
effect. For example, on the BTU basis, the price of coal was still half the price of fuel oil
even after the marker crude oil price reduction. Second, the output ceiling of 17.5 MMBD
was higher than needed to clear the market. Further, after the agreement on a production
ceiling for OPEC individual quotas for each member country and an adherence to the
official price, many members began to pursue a policy of cutting prices to enable them to
market as much oil as they could produce. Some of these countries granted discounts
openly and boldly. Other countries were selling crude with other oil products in a package
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deal and giving a discount on products, or manipulating taxes and royalties in order to end
up with a lower price per barrel. Then there was the common method of refining crude and
selling it in the form of products at any price, consequently flooding the oil market and
putting downward pressure on prices. In addition, there are other countries, like Algeria,
which linked the price of their gas to the price of oil. Thus a reduction in the price of oil
would lead to a fall in the price of gas in which case these countries will suffer. There is
also the problem of more fundamental structural change in the oil industry, with more and
more oil being sold on a spot or spot related price basis.
Table 3.10: Crude Production from OPEC and non-OPEC sources (Thousand Barrel per
Day) 
Year OPEC Mexico UK Norway US Canada Total Non-
OPEC
1973 18740 325 10 35 10945 2115 18740
1974 18440 655 10 35 10460 1995 18440
1975 18505 805 35 195 10010 1735 18505
1976 18965 895 250 290 9735 1600 18965
1977 20120 1085 790 285 9865 1610 20120
1978 21600 1325 1115 360 10275 1595 21600
1979 31430 1605 1605 400 10135 1835 22795
1980 27430 2160 1660 515 10170 1765 23385
1981 23305 2555 1850 495 10180 1610 23960
1982 19915 3000 2145 520 10200 1590 25045
1983 18095 2930 2400 645 10245 1660 26070
1984 17755 2940 2625 735 10510 1775 27545
1985 16895 2910 2670 815 10580 1810 28510
1986 19680 2760 2665 905 10230 1805 28445
Source: BP Statistical Review of World Energy 1996.
The excess capacity and low spot prices during the period placed downward pressure
on official prices. There was the incentive for an individual producer to attempt to
undercut official prices in order to maintain a larger share of the market and hence create
the potential for maintaining his production despite the contraction of OPEC production.
The individual producer could then pass the production cuts to other members.
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Although Saudi Arabia accepted a quota in the next OPEC meeting in 1983 it
continued to play the swing producer role, changing its production according to demand.
Its output reached a level of 2.2 MMBD in August 1985. The reasons that Saudi Arabia
played that role appear to be as follows; first, there was its long standing position of
rejecting production programming. When it was first suggested by Venezuela, in the early
years of OPEC, Saudi Arabia opposed it and continued its opposition until 1982. Saudi
Arabia wanted the flexibility to change its production up or down according to its national
interest without any constraint on its production. Second, Saudi Arabia had exercised a
swing producer role before, in 1975 and 1979 to 1981, and had found it rewarding,
leading at times to stable prices.
Third, there was the Saudi notion that the decline in demand was temporary and
the quota system would not be needed.
	 In an interview26 following the London
Agreement, the Saudi Oil Minister predicted that the ceiling of 17.5 MMBD would be
gradually raised, because demand would rise. He also predicted that if demand revived, it
would be OPEC production that would increase and not the benchmark price. 27 The Saudi
Minister summed up his views of the future in 1984:28
"If we look to the future I feel confident that oil consumption
will begin to increase, particularly after 1987. If we succeed,
as I think we will, in preventing price increases within OPEC
and in keeping prices frozen until the end of 1986, we will
see an increase in consumption on a scale which will satisfy
all the producers, both OPEC and non-OPEC"29
This prediction did not come true, and so the swing producer role continued until
August 1985. In his interview with the author he blamed other OPEC members for the
failure of this role played by Saudi Arabia, because of cheating and over production by
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some members of OPEC. As it was expressed by the Saudi Minister at that time "Saudi
Arabia honoured its commitment to OPEC.”3°
The fourth reason for the Saudi adoption of a swing producer role was the apparent
pressure it was under from other members of OPEC notably Algeria, Iran, Libya, and
Iraq.' The Ministers of those countries united in opposition to Saudi policy at the
meetings of OPEC, since then Saudi Arabia was the only country able to sustain declining
revenues. According to unofficial sources, Yamani gave in to these pressures and took
the proposal back to the Saudi government arguing that the demand would cover any loss
and that it was best for Saudi Arabia to play the swing producer role in order to have more
influence in the oil market. Minister Nazer said during the interview with the author that
Saudi Arabia did not suffer in the first two years because it used its financial surpluses to
cover the budget deficit. However, when demand for its oil continued to decline, as well
as revenues, Saudi Arabia had to abandon the swing producer role.
3.4 Free Pricing and Production: September1985-December1986
Faced with a declining share, which reached its lowest level in August 1985 at 2.2
MMBD compared with a quota of 4.3 MMBD, Saudi Arabia started sending signals to the
other members of OPEC, and to the market, that it could not continue playing the role of
swing producer forever. Saudi Arabia was trying not to allow prices to go down by
advocating non OPEC co-operation, as this was believed to be the only way to prevent the
collapse of oil prices. UK government officials had clearly stated that they did not wish to
restrict production. A spokesman for Britain's Ministry of Energy then said that Britain
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would not reduce oil production to ease pressure on prices. 32 In Mexico, the official
response had been a price cut and a more market oriented pricing system.
Table 3.11. Saudi Arabia's Budget and Current Account Billion Saudi Rival (1981-1986).
Year Actual Expenditure Actual Revenue Budget Actual
Deficit
Current Account
Deficit
1981 283.00 368.00 -84.70 -142.24
1982 244.90 246.20 - 1.30 -139.12
1983 230.20 206.40 +23.80 -25.95
1984 216.40 171.50 +44.96 58.22
1985 184.00 133.60 +50.40 46.85
1986 137.40 76.50 +60.90 43.68
Source: Saudi Arabian Monetary Agency (SAMA).
During the period 1982-1985 Saudi Arabia's fiscal budget was registering an
average deficit of 35.7 billion Riyal annually. During the period drew down on its official
reserves to finance the growing budgetary and current account deficits. This added to the
pressure to abandon the swing producer role.
According to Ian Seymour, the decision to abandon the swing producer role was
taken at the upper echelons of the government. But the pronouncements of the Saudi Oil
Minister from the beginning of 1985 show a change of tone, Yamani announced at the
Oxford Energy Seminar (August 1986), that Saudi Arabia would no longer continue to play
the swing producer role. Although Yamani initiated this role and kept it, he also brought
in the mechanism of netback pricing in order to abandon the swing role.
The idea of regaining market share through market-related pricing or abandoning the
official prices was not a novel Saudi intervention. Most producers were resorting to some
form of market-related pricing. The initial application of netback pricing starting in
September 1985 helped regain Saudi Arabia's share without market collapse. But after
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other producers perceived the Saudi move as a price war, they resorted to netback pricing,
which caused prices to deteriorate.
Table 3.12: Crude Oil Prices for Arabian Light 34 for the Year 1986 
Months Spot Price Arab Light 340
SIB
Saudi Production
Thousand Barrel per Day
Sep.1985 27.587 2485.8
Oct. 27.850 3660.7
Nov. 27.937 3985.4
Dec. 27.870 4276.1
Jan.1986 27.450 3760.0
Feb. 15.875 4715.0
Mar. 13.125 4115.0
Apr. 11.300 4720.0
May. 12.625 4360.0
Jun. 10.750 5250.0
Jul. 8.500 5812.5
Aug. 13.112 6236.3
Sep. 13.700 4271.8
Oct. 14.000 4193.2
Nov. 13.812 4312.8
Dec. 15.600 4350.6
Source: OPEC Statistical Bulletin.
The first half of 1986 witnessed prices declining and OPEC and Saudi Arabia
production rising (Table 3.12). During the period, one could say that OPEC did not
operate as a cartel because there was no official price and no production quotas.
Effectively there, was no market leader, neither OPEC nor Saudi Arabia were willing to
step in and change the course of events. It is true that the period witnessed a series of
OPEC meetings but they all failed to come up with concrete results.33
Throughout the first eight months of 1986, Saudi Arabia and other members of
OPEC pursued a strategy of increasing market share by continuing to use netback pricing
and increasing production over the quota level. By July, OPEC production was running
over 19.5 MMBD and every member country's output was in excess of quota levels. (see
Table 3.13).
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Table 3.13: Estimates of OPEC Crude Production Changes December 1985 and July 1986. 
(Thousand Barrel per Day) 
Country Production December 1985
with free for all policy.
Production July 1986 Difference
Algeria 688.2 690.7 +002.5
Gabon 181.9 165.4 -016.5
Indonesia 1204.0 1320.0 +116.0
Iran 2176.0 2208.0 +032.0
Iraq 1777.0 1982.0 +205.0
Kuwait 986.0 1652.5 +666.5
Libya 1300.0 1150.0 -150.0
Nigeria 1620.0 1577.5 -042.5
Qatar 335.0 400.0 +065.0
Saudi Arabia 4276.1 5812.5 +236.0
U.A.E 1225.0 1497.5 +272.5
Venezuela 1569.0 1794.5 +225.5
Total 17338.2 20250.1
Source: OPEC secretariat.
Change in Production of (Iran+Iraq+Kuwait+Qatar+UAE+Venezuela) = 1477/8068=0.183
Change in production of other members of OPEC (OPEC-Saudi Arabia) = 1270.5/13062.1=0.097.
Change in Saudi Production = 236/4276.1=0.055
In August 1986, in the OPEC ministerial meeting in Geneva, it was agreed that all
the member countries, with the exception of Iraq, were bound by quotas identical to those
decided upon in October 1984. This decision was welcomed by non-OPEC producers and
Mexico and others offered to cut their oil production. With Saudi Arabia's production in
July averaging 5.812 MMBD it had to take steps to reduce output, which was achieved in
September/1986 (see Appendix 6).
The political pressure on Saudi Arabia and OPEC was mounted by various
producers. The decline in revenues by all producers led to economic, political and social
crises in many countries. It was not clear where the situation was leading. With prices in
mid 1986 below $10, some analysts started looking at what the floor of prices might be in
a free market atmosphere like the one prevailing at the time. 35 In November 1986 when
Zaki Yamani who had been Oil Minister for 24 years, was replaced by Hisham. Nazer
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who attended an OPEC meeting on 20 December 1986 which resulted in an agreement to
use production cuts to reach the objective oil price of $18/B and set the stage for a return to
OPEC's former system of fixed pricing. OPEC members agreed to eliminate all the
prevailing netback and other market-related pricing arrangements with effect from 1
February 1987 (see Appendix 3 for details of the agreement). The basic features of the
agreement were:
1-Abandoning Arab Light as the marker and devising a basket of crudes.
2-Return to fixed prices.
3-Return to the old quota system prior to the price war.
The OPEC agreement of December 1986 involved the following: Firstly, a production
ceiling of 15.8 MMBD for each of the first and second quarters of 1987, rising to 16.6
MMBD in the third quarter and 18.3 MMBD in the fourth quarter, making a yearly average
of 16.632 MMBD. Secondly, the agreement provided for the return, as from 1 January
1987, to a fixed price system at $18/B. This was based on the single average values of the
basket of seven crudes calculated on the basis of the 1987 official price for each individual
crude. These were; Saudi Arabian Light at $17.25/B; UAE's Dubai at $17.42/B;
Nigerian Bonny Light $18.92/B; Algerian Saharan Blend $18.87/B; Indonesian Minas
$17.56/B; Venezuelan Tia Juana Light $17.62 /B; and Mexican Isthmus $18.07/B. The
purpose of using a basket of crude was to try to avoid the drawbacks of the previous fixed
price system, under which the use of a single marker crude - Arabian Light- tended to put
undue swing production pressure on Saudi Arabia.
However, despite the reaffirmation of confidence in the OPEC price and production
agreement, the market did not respond. The spot price of North Sea Brent crude in
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February 1987, declined from $18.4001B to $17.262/B which was lower than required to
enable the OPEC fixed-price structure to operate in full security. On the supply side OPEC
production in February was running over 1 MMBD higher than the official ceiling, and by
August it was at 19.7 MMBD, around 3 MMBD over the official ceiling. Between
January and June 1987 Saudi Arabia was virtually the only country adhering to the official
price structure and quota level. It insisted that its customers be left at the set official prices
while other producers were resorting to market-related prices. Saudi Arabia had an
unenviable choice between two options: either to hold on to official prices (when they had
been virtually abandoned everywhere else) and let its export volume swing downwards,
almost certainly to a quite unacceptable extent; or to maintain its export volume by
protecting its customers from incurring losses on the lifting of Saudi crude as market prices
fell below official levels. This forced Saudi Arabia to abandon its role as the protector of
the official price structure and resort to formula pricing from June 1987 onwards. With the
Saudi adoption of formula pricing and the continued quota system of OPEC, the market
and OPEC had entered into a period characterised by volume fixing and flexible prices
which still prevails today. This is contrasted with the fixed volume and price period of
1982-1985 and the short free-for-all episode of 1986.
From June until the end of the year market-related prices were the norm, official
prices in the basket were just a reference point, as explained by Ian Seymour after the
OPEC meeting in December 1987:
"No doubt official prices will remain on the books playing a
useful role as guideposts to where target prices ought to be.
But they are unlikely either to retain or recapture their role as
the linchpin of the system- the automatic prices for crude oil
sales by OPEC suppliers under term contracts"
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One of the issues often discussed is the role of the US government in influencing
Saudi Arabia's oil decisions. The events of 1986 and the return to the quota system in
December 1986 are seen to be a consequence of pressure put on Saudi Arabia by then vice
president George Bush during his visit to the country in 1986. It is said that the Vice-
president urged Saudi Arabia to take steps to bring order back to the market. As a result of
my interviews with Saudi policy observers and Petroleum Ministers I reached the
following conclusion:
1. There is no clear evidence of US influence in Saudi Arabia's oil decisions. Everything
is written about Vice President Bush's visit falls within media speculation, he made a
statement about the oil market but nothing to the effect of calling upon Saudi Arabia to
change policy.
2. The domestic situation in the USA rendered impossible any indication by the US
government of price preferences. There is no consensus in the USA as to an acceptable
oil price, the oil-producing states prefer high oil prices, while the consuming sectors
prefer lower prices.
3. Events have proven that the market is too complex for a single act by one producer to
change it and maintain it on one track.
4. The assumption of co-operation between USA/Saudi Arabia in the oil market lacks any
material evidence. Throughout the history of the oil market one can trace Saudi
behaviour to its underlying position as a dominant producer. So, when it favoured
stable prices in the seventies, filled the production gap of Iran and Iraq in 1979-1981
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and when it played the swing producer role, there was an economic rationale for all its
actions.
3.5 Volume Fixinlz, Flexible Pricing: January 1987-Present
Since mid 1987 the oil market has remained in a state of general directional
confusion between adjusting the crude output of OPEC to balance the market seasonally
on one hand and price gyration and changes in the crude price pegs on the other.
Throughout the period, as has been the case since the beginning of the quota
system, quota violation has continued unabated, with Saudi Arabia appealing to member
countries, in OPEC conference or through official pronouncements to abide by their
commitment. At times, the political leadership exemplified by King Fahad has appealed
to heads of states to ensure compliance with quotas. Saudi Arabia has insisted since 1987
that balancing the market is not the responsibility of Saudi Arabia but of all producers,
whether OPEC Qr non-OPEC. The Saudi Minister of Petroleum was OPEC's envoy to the
Soviet Union and Mexico in 1987 to urge their cooperation in balancing the market
through volume restraint. The contacts culminated in a ministerial meeting between
OPEC and six major non-OPEC countries in April 1988 which resulted in an offer from the
latter to cut oil exports by 5% to support the market, provided that the OPEC producers
would commit themselves to similar proportional responses. This offer was refused by
Saudi Arabia on the grounds that OPEC had already made output sacrifices to
accommodate non-OPEC production and that a reduction of 5% for non-OPEC was too
little. Mr. Nazer in 1997 stated that
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"The Kingdom does not feel itself responsible for correcting
the mistakes of others by cutting its production".
Table 3.14: Crude Oil Production for Saudi Arabia from January 1988 to July 1990.
(Thousands Barrel per Day) 
Month Prodction R. Basket
Price
Month Prodction R.	 Basket
Price
Month R.
Basket
Price
Prodction
Jan.88 5620.2 16.008 Jan. 89 5010.0 15.919 Jan. 90 19.975 5620.2
Feb. 5463.5 15.661 Feb. 4545.0 16.170 Feb. 19.031 5463.5
Mar. 5853.5 14.405 Mar. 4495.5 17.549 Mar. 17.673 5853.5
Apr. 5860.8 15.848 Apr. 5032.4 18.936 Apr. 15.624 5860.8
May. 5167.3 15.825 May. 4949.1 17.788 May. 15.470 5167.3
Jun. 5568.1 14.715 Jun. 4664.0 17.274 Jun. 14.019 5568.1
Jul. 5509.5 14.353 Jul. 4925.3 17.565 Jul. 16.257 5509.5
Aug. 5166.3 14.004 Aug. 4943.1 16.233
Sep. 5277.5 12.651 Sep. 5365.2 16.832
Oct. 5983.8 11.518 Oct. 5501.6 17.606
Nov. 6646.9 12.004 Nov. 5542.7 17.738
Dec. 6793.8 14.100 Dec. 5761.1 18.841
Source; OPEC Secretariat.
The year, 1988-1989 witnessed rampant quota violations and disputes among OPEC
members characterised by:
1. Quota violations mainly from Kuwait, UAE and Nigeria.
2. Dispute over the definition of quota and the definition and volumes of condensates to
be excluded from the quota.
3. Accommodating Iraq into the quota system from which it had been excluded
throughout its long war with Iran. Eventually the quotas of Iraq and Iran were
equalised at 3.14 MMBD in November 1988.
The period 1987-1990 also witnessed continued growth in OPEC production because
of the reversal of the declining demand trend of 1982-1985 and a decline in non-OPEC
production (mainly from USSR) which enabled OPEC to realign quotas and increase the
ceiling more than three times, from 15 MMBD in January 1987 to 22.49 MMBD in August
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1990. Saudi Arabia's quota increased from 4.353 in January 1987 to 5.380 MMBD before
the invasion of Kuwait in August 1990.
Figure 3.8: Saudi and Other Members of OPEC oil Production and Quotas 37 (Thousands
Barrel per Day) from 1982-1994
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During the period between 1987 and 1989, Saudi Arabia was accused by some
OPEC members of producing more than its quota. In an interview with the Oil Daily on
18 September 1989, Nazer commented on Saudi production policy regarding quota
adherence:
"Our policy is to abide by our OPEC quota and we expect other
countries to do the same. There is no point in having these
agreements unless we stick to them. Some of those countries
which are overproducing believe that others who abide by their
quota believe that their claim to higher output is equally valid.
We have reminded our OPEC colleagues that for some years
our minimum quota should be no less than 6 MMBD. However
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in the interests of cooperation and market stability, we have been
willing to abide by any increases in the ceiling which should be
on a pro-rata basis"'
The invasion of Kuwait led to a disruption of exports of 4.00 MMBD from Iraq and
Kuwait. To fill the supply gap an intense debate evolved in the consuming and producing
countries. In the IEA countries, the issues of utilising emergency stocks, like the US
Strategy Petroleum Reserve (SPR), or the sharing of emergency stocks in times of such
crises were debated. The consensus was that there were enough commercial stocks and
excess capacities in the system to fill the supply gap and there was no need to use strategic
stocks. Furthermore, the military situation improved with the dispatching of multinational
forces under US leadership to defend Saudi Arabia, and specifically the oil fields and oil
supply routes from the Arabian Gulf. Gradually, the widening supply gap was eased.
In OPEC, the debate was about whether the organisation should interfere to fill the
supply gap. Two opposing views came out of OPEC's extraordinary Ministerial meeting at
the end of August 1990. The first was the Saudi view, supported by its Gulf allies,
Kuwait, UAE, and Qatar, that it was the responsibility of OPEC to balance the market and
fill the shortfall in Kuwaiti and Iraqi exports resulting from the invasion. Saudi Arabia
contended that such responsibility is enshrined in OPEC statutes in Article 2c which states
that:
"Due regard shall be given at all times to the interests of the
producing nations and to the necessity of securing a steady
income to the producing comities, an efficient economic and
regular supply of petroleum to consuming nations, and a fair
return on their capital to those investing in the petroleum
industry."
Since some member countries had the capacities to fill the disruption of exports from
the two members, it was argued that they should be allowed within the OPEC system to do
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so. Saudi Arabia suggested termination of the quota system until the end of the Kuwait
crisis. The second view, shared mainly by Algeria (which was then presiding over the
conference) as well as Libya and Iran advocated a wait and see approach to allow the
price to reach the OPEC target set just before the invasion at $21/B. They argued that the
consuming nations should use their strategic stocks to balance the market, a notion
rejected at the time by the TEA secretariat.
The split within OPEC was mainly between the members with excess capacity -
Saudi Arabia, UAE, Venezuela and to a lesser extent Nigeria- and the other members who
were already producing at full capacity prior to the crisis of Kuwait invasion, and who
therefore stood to gain nothing from the volume increase. In the end, it was Saudi
Arabia's unequivocal and apparent threat that it was willing to exercise its market power
with or without OPEC consent, that led OPEC to effectively terminate the quota system.
The wording of the press release coming out of the conference on 29 August 1990 did not
state this outright, but stated only that OPEC would subsequently increase production
according to need in order to reinstate market stability and regular supply of oil. It called
upon the TEA to execute its oil sharing agreement by using the available stocks.
Table 3.15: The Production Profile during, the Crisis (July 1990- December 1990) 
Iraq Kuwait Saudi
Arabia
UAE Venezuela OPEC Price
Basket
Quota/Ceiling 3140 1500 5380 1500 1945 22491
July 3246 1812 5418 1954 1970 22760 16.24
August 890 181 5701 1610 2040 19246 26.49
Sep 470 161 7511 2183 2250 21793 32.1
Oct. 440 160 7783 2264 2267 21887 34.32
Nov. 437 170 8197 2305 2312 22629 30.79
Dec. 445 167 8460 2370 2336 23076 26.16
Sep-Dec 448 165 7988 2281 2291 22346 28.9
Difference	 between
December and Quota
- - 2608 781 346 145
Source: OPEC Secretariat.
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The termination of the quota system led to an increase in the production of Saudi
Arabia, UAE and Venezuela, which altogether filled during the period September -
December 1990 about 3.2 MMBD of the interrupted 4.4 MMBD of Iraq and Kuwait
exports.
It is clear that the disruption of these exports did not result in a big decline in
OPEC's production. Actually the September to December production was only 145,000
BD short of OPEC's ceiling, which partly explains the relatively small increase in prices
during this crisis compared with the consequences of supply disruptions and price jumps
during the Iranian revolution and the Iran/Iraq war.
The period 1991-1993 was transitional in terms of quota allocation. It was also a
period characterised by growing demand for OPEC oil due to higher world demand
especially from Asia and a declining production from the former USSR. The extra
demands for OPEC oil were met by increasing volumes from Kuwait after the gradual
resumption of its production and exports following liberation in February 1991. Saudi
Arabia and the other members did not have to adjust their quotas downward much due to
the growing demand for OPEC oil. The only time Saudi Arabia acted, along with UAE, as
swing producer was in September 1993 when they had foregone an increase in their quota
while all other members did ,thus reducing their relative share in the OPEC ceiling.
Looking at the actual OPEC production performance during the period 1994-1997
it can be seen that OPEC had kept on rolling over its ceiling of quotas with Saudi Arabia's
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quota at 8.00 MMBD since September 1993. However, during this period OPEC actual
production continued to rise irrespective of the ceiling, with Venezuela accounting for the
largest quota violation. Actual Saudi production had been kept at 8.00 MMBD since
November 1994 despite an increase in OPEC production of 19.409 MMBD. 39 Some
suggested that such behaviour on the part of Saudi Arabia was a de facto return to the
swing producer role since it now has an excess crude oil capacity of 2.00 MMBD (towards
the end of 1997) and therefore has room to increase its share but has foregone that option.
Saudi Arabia never responded to such assumptions which indicated that it was
satisfied with its volume and with the prevailing prices. Prices improved in 1996 and
1997 which helped increase the government revenues. It seems that Saudi Arabia did not
seek to maintain its share since it was receiving what it considered to be adequate revenues.
Up until 1997 with every country in OPEC producing at maximum capacity except for
Saudi Arabia (and to a lesser extent Kuwait and UAE ) it seemed that the burden of
balancing the market had again fallen on Saudi Arabia. However in December 1997, it
insisted in the OPEC ministerial meeting for a certain increase by 2.5 MMBD to account
for an actual production by OPEC in excess of the ceiling by such amount and to make
OPEC ceiling more credible. The conference ended in a major ceiling and quota increase
with Saudi Arabia 1998 quota at 8260 MMBD.
During this period, as in the other periods discussed earlier, Saudi production
capacity was used as the market anchor. Prices remained at the levels of $18-22
throughout the period because of market perception that Saudi Arabia was not willing to
use its excess capacity to regain its share. All suggestions that it would step in and
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discipline quota violations, such as those by Venezuela, by flooding the market did not
seem to be valid. Nazer maintained in the interview with the author that, this 2 MMBD
gives Saudi Arabia an advantage over other producers, in the world oil market.4°
3.6 Conclusion 
Even though the political and economic environment changes with time, the main
objectives of Saudi Arabia's oil policy tends to be consistent. We can conclude that there
are three dominant facts:
1. The high reserve-high production- and low cost of production..
2. The high dependence of the Saudi economy on revenues derived from oil exports.
3. Its role in the oil market where prices ad production have to follow the logic of market
forces.
Saudi Arabia's vast oil reserves, equivalent to 26% of the world's total have
facilitated the build up of sizeable production capacity, reaching 10.3 MMBD by the end of
1997. Being the largest exporter during the last 20 years, Saudi Arabia has been keen to
maintain supplies to consumers at such high rates even in crises, for example, the Iranian
production cut in 1978 and 1979, the Iranian and Iraqi production interruption during the
first Gulf war and the Kuwait- Iraq export interruption during the second Gulf war of 1990-
91. Saudi Arabia has thus contributed to the availability of energy supplies in the world
helping to stabilise the market and the world economy.
Saudi oil policy seeks to maintain oil as a viable long-term source of energy. This
comes from the long life expectancy of its oil reserves. Consequently Saudi Arabia has
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used its high production capacity to be able to influence the oil market to maintain stable
oil prices. It seeks to optimise the long-term value of its reserves, protect its share of the
market and keep oil prices stable to enhance the role of oil in energy demand and its share
in the market. At the same time, Saudi Arabia's policy is affected by market forces. The
decline in output and prices during the eighties (resulting from overproduction by other
members of OPEC and increase of non-OPEC supply) is evidence of market influence on
Saudi oil production. However, Saudi Arabia has a monopoly power that influences the
outcome of the oil market because the world knows that it has several million barrels of
spare capacity that could be used to protect the country's long- and short-run interest.
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Notes
'The OECD countries.
'There was an informal discussion over allocating output outside one of OPEC's meeting in Geneva, early
1978.(Yamani (1996)
'According to Yamani, he went to the meeting with a proposal to raise the price to $718 while other
members insisted on a higher level of prices and pressured the Saudi Minister to go along with the majority.
(interview, Dec. 12, 1996)
4 The auction was not taken for two reasons: first OPEC agreed to freeze oil prices. Second some members of
OPEC (such as Algeria) requested Saudi Arabia not to do it (Ian Seymour interview, 24 Mar. 1997)
5 A drop from an average of 8479.7 MMBD in 1974 to an average of 7075.4 MMBD in 1975. (Source:
OPEC secretariat)
'Oil Consultant, in the Ministry Of Petroleum and Mineral Resources, Saudi Arabia. (1955-1996)
7 Source: BP and OPEC Statistical Bulletin.
'Total world oil consumption declined from 2711.3 tonnes (55.0MMBD) in 1974 to 2680.8 tonnes (54.5
MMBD) in 1975. Of which OECD was 1886.7 in 1974 and 1821.9 in 1975 (a decline of 1.1% of total world
and 3% of OECD). Source BP.
9 MEES 28 February 1975.
1 ° For the upper tier crude, the marker was supposed to be priced at $ 12.79/B. For the lower tier crude the
marker perceived price was $ 12.09/B (MEES 3 January 1977).
11 Farouk Al-Hussani interview 1996. Also Alikhani (1993).
12 MEES, 1977.
13 MEES 14 June 1976.
'Farouk Al-Hussani interview 1996. Also Alilchani (1993).
15 Source: Saudi Ministry of Petroleum and Mineral Resources.
16 PIW 4 April 1979
rIn 1975 and 1976 Arabian Light accounted for around 80% of total Aramco output and for 72% in 1977.
(MEES 3 July 1978)
Is MEES 4 September 1978.
'Prince Fahad interview in New York times, 21 June 1979.
20 September. Total production of Iran (1100) + Iraq (2900) = 4,000 MMBD which declined to 600 in Oct.
Saudi output (3.400) increased from 9709.1 in Sep to 10533.3.in October an increase of 824.2.
2 ' Source BP.
22 BP Statistical Review of World Energy 1996.
23 The North Sea and Mexico have increased by 20% from 1980 to 1985. .(see Table 3.10)
24Interview 1996
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' See Appendix 5.
' West German weekly magazine Stern published on 7 July, (MEES 18 July 1983)
' (MEES 15/August/1983).
' Lecture at the University of Petroleum and Minerals in Saudi Arabia March 1984.
' (MEES 19/March/1984).
' Yamanie's Interview 12 December 1996.
'According to Ian Seymour 1997) when discussing decreasing Saudi output, the Algerian Minister said that
Saudi Arabia had to bear the burden of OPEC on its own, .Seymour said this was the attitude of other Oil
Minister towards Saudi Arabia.
'Washington Post 15 January 1985)
33 See Appendix 3.
34 (MEES 18 August 1986).
35 See Adelman, M., "The Competitive Floor to Oil Prices" and. James Griffin and Clifton T, Jones, 'Falling
Oil Prices, Where is the Floor' The Enemy Journal, Vol. 7, No 4, October, 1986.
36 MEES 21/28 December 1987.
37 No quota assigned for the period of 4 th quarter 1991 to February 92 and for the 4th quarter of 19 92 to
February 19 93. (see Appendix 6)
38 Oil Daily 18 September1989. MEES 25 September 1989.
39 January. 1994 OPEC production - January. 1997 OPEC production = 26945.3-25004.4=1940.9 Thousands
Barrel per Day.
Source OPEC Secretariat
" Nazer interview 14 February 1997.
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CHAPTER 4
ECONOMIC MODELS OF OPEC BEHAVIOUR
AND THE ROLE OF SAUDI ARABL4
4.1 Introduction
With the rise of the oil prices in 1973, numerous theoretical and empirical studies
were undertaken to analyse the structure of the world oil market and the role of (OPEC).
Most of these models analyse the oil market concentrating on OPEC as a whole and
analysing the Saudi role within the organisation.
With Saudi Aiabia holding the highest world proven reserves, and a large share in
world production and exports, different studies have reviewed the relevant models of OPEC
behaviour and analysed Saudi Arabia's role separately. Griffin and Teece (1982) provided a
collection of papers on OPEC and world oil where they divided the models of OPEC into two
distinct areas. The first are the wealth maximising models that include monopolistic and
competitive behaviour and the second are non-wealth maximising models. Griffin and Teece
provided an interpretation of OPEC as the dominant producer with Saudi Arabia as the
swing producer who absorbs the fluctuations in supply and demand. Cremer and Isfahani
(1991) also provided a survey with different classifications of models on OPEC behaviour.
Mabro (1991) reviewed relevant works related to the pricing of oil. He divided such works
according to four lines of research. The first line dealt with the exhaustible resource theory,
while the second analysed OPEC behaviour in relation to how far OPEC pricing was from
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competitive behaviour. The third dealt with the game theory, while the fourth type of studies
applied econometric tests.
All these previous studies have suggested ways of explaining the behaviour of OPEC
as a group. The specific role of Saudi Arabia in the market and within OPEC has received
attention from some authors. Since we are interested in analysing the behaviour of Saudi
Arabia only, it is important to provide a unifying framework which can facilitate the
comparison and testing of competing behaviours.
Table 4.1: The Models of OPEC Behaviour. 
Models Type Model
Models that do not recognise Saudi Arabia's role Monolithic cartel
Competitive Model
Models that address Saudi Arabia's role Two block cartel
Geroski, Ulph and Ulph
Swing Producer
Other theories of OPEC behaviour in the oil market
,
Property Right
Fiscal Constraint Models
Target Capacity Utilisation
Econometric Studies Griffin (1985)
Dahl and Ycel (1991)
Griffm and Neilson (1994)
Al-Turki (1994)
A-Yousef (1994)
Gulen (1996)
Political Interpretation of Saudi Arabia's behaviour. Stevens (1982,1992)
Doran(1982)
Moran(1982)
Golub(1985)
In this chapter we will divide, the models of OPEC ' behaviour into four sets. The first set
of models does not address the role of Saudi Arabia, such as the monolithic cartel models and
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the competitive models. The second set examines the role of Saudi Arabia in the oil market
such as the different group cartels, and the swing producer model. Then we will discuss
other theories of OPEC behaviour that may apply to Saudi Arabia, namely the target capacity
utilisation model, the fiscal constraint model and the property right model. This will be
followed by a political interpretation of Saudi Arabia's behaviour in the world oil market.
The previous empirical tests such as Griffin (1985) Dahl and Yucel (1991) Griffin and
Neilson (1994), Al-Turki (1994), Al-Yousef (1994), and Gulen (1996) will be reviewed in
the world oil market. These models will be evaluated under the institutional evidence already
discussed in chapter 3. Since Saudi Arabia is a major producer of oil it might use its
production and pricing policies to achieve certain objectives. These objectives will be
discussed in the light of each model and compared with the expected oil policy according to
that model in order to identify those which are supported by the institutional evidence.
4.2 Models that do not Recognise Saudi Arabia's Role
There are several studies that have analysed OPEC as a group with no emphasis on
Saudi Arabia's role. Most of these studies appeared right immediately the first price shock in
the early seventies. Those models are grouped into two, the monolithic cartel model such as
Gilbert (1978) Pindyck (1978) and Salant (1976) and the competitive model MacAvoy
(1979).
4.2.1. The Monolithic Cartel
In these models OPEC is described as a unified group which sets prices for crude oil
with no competition among its members. The "competitive fringe" or the price takers are the
88
non-OPEC suppliers. The competitive fringe will increase their production to equalise their
short-term marginal cost with the price set by OPEC, which sets crude oil prices by taking
into account non-OPEC supplies and costs. The demand for OPEC oil is the difference
between the total world oil demand and non-OPEC supplies at different levels of OPEC
prices. Thus, OPEC is viewed as the residual supplier.
In equilibrium, the price for both OPEC and the competitive fringe is equal. When
OPEC sets the price, the competitor takes it as given, and produces the output which
maximises its profit. When acting as the residual supplier OPEC's output will be equal to:
nOP EC	 nATO
P	 VP VP
where VEc is the OPEC supply, Qw is world oil demand and QN° is the competitive fringe's
supply (non-OPEC suppliers).
According to Gilbert (1978) OPEC as a dominant cartel is a Stackelberg leader, the
price maker, and the other producers are the price takers. OPEC is described as a dominant
producer which maximises its profit by choosing an optimal production path taking into
consideration the reaction of the fringe to its policies.
The competitive fringe takes prices as given and maximises its profit given the cartel's
production path. The demand for the competitor depends on total world demand minus the
demand facing the cartel. The production of the cartel is known by the fringe, the inverse
demand function is P=if ()NO nOP EC s) and the cost function for both the fringe and the3
cartel production C = C(Q„S t ) where St is the remaining reserve.
4.1
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The cartel, acting as a Stackelberg leader, chooses an extraction path that maximises
profits taking into account the response of the competitive fringe and given that total
extraction will not exceed total reserve. The response of the competitive fringe depends on
the cost of extraction.
Pindyck (1978) used an intertemporal model where the demand facing OPEC
is QOPEC = QW Q NO and the OPEC = f(pt,Q11V0i.) The objective is to derive the price
P, that would maximise the sum of the discounted profits of the cartel taking into account the
rate of depletion, reserve level, and production cost.
	
T	 1
	
Max' = E 	
Pt	
OPECn2[P — —
1? f lQt	 ti.1 (1 + r)
where r is the cartel's rate of discount and m/R, is the average production costs that go to
infinity as the resource is exhausted.
Salant (1976) assumed that the oil market is dominated by an OPEC cartel that takes
the sales path of the fringe as given and maximises its joint discounted profits. Here the
cartel takes account only of the response of consumers to its policies and does not account for
the response of the fringe (Nash Cournot behaviour).
Salant analysed the market structures consisting of the competitive firms on the one
hand and on the other the producers forming a collusive cartel which dominates the oil
market. The price path of a competitive market rises at the rate of interest until the initial
stock of all firms is exhausted. The cartel will continue to sell after the competitors stop
4.2
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selling at prices following the monopolistic path where the rate of increase in price is less
than the interest rate on other assets until it reaches the backstop price.
According to this model, OPEC is a unified cohesive group that maximises its profits
without any competition among its members. It is the residual supplier who sets the price.
The competitive fringe is the non-OPEC supplier (price taker) with limited production
capacity. The power of OPEC would depend on the elasticity of demand facing it, the
elasticity of non-OPEC supply and the relative share of OPEC in world supply. In such
models world demand depends on the real price (P) and economic activity (A) while non-
OPEC production depends on real price (P) and exogenous supply variables (Z).
QOPEC = QpWA QpN0z	 4.3
Accordingly, OPEC supply as a unified group would be a function of the real price of
oil, economic activity and non-OPEC supply:
QopEc f(p,A,QNo)	 4.4
Saudi Arabia's production is a percentage of total OPEC production Q sA = aQo
sinceoQ pEc =Qoo ±QsA where Qc° is the production of other members. Thus , to test if
Saudi Arabia is a member of a monolithic cartel
QSA f (Qoo p)	 4.5
According to this model, Saudi Arabia is a member of a unified group, which means it will
be acting in full co-operation with the other members of OPEC. According to the model,
since Saudi Arabia and the other Gulf producers have the lowest production cost, full co-
operation means that the production in the early period should be from those with the higher
costs. However, there are sufficient significant differences in the OPEC members' oil
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policies and their economic and political objectives to warrant full co-operation between
them.
Throughout the seventies and into the mid eighties when prices were set by OPEC,
Saudi Arabia insisted that OPEC should follow a policy of price moderation. When the
industrialised countries started to show signs of economic recovery after the first oil price
increase in 1974 and the demand for oil was increasing, some OPEC members demanded an
increase in the price level. However, Saudi Arabia argued that such an increase was
inappropriate and thus was able to block any price increase until December of 1976. During
the 48th OPEC conference' in Doha, Qatar in December 1976, Saudi Arabia and UAE
agreed to increase their prices by only 5% while other members insisted on a price increase
of 10%. This resulted in the famous two tier price system which continued until the next
conference (July 1977) when Saudi Arabia and the UAE agreed to increase their price by
another 5% while the other members froze theirs. Another incidence of divergence between
Saudi Arabia and other members was during the Iran crisis in 1978-1979, when it increased
its production at official prices which were lower than spot prices in order to prevent further
increases in oil prices. This was criticised by other members of OPEC who set their prices
in line with that of the spot market.
During 1979/1981 Saudi Arabia tried to bridge the gap between its official price and
that of other members by increasing the price of its Arabian Light crude. The other members
responded by increasing their prices further. At one time the price of Iranian Light was
$30/B compared to $24/B for Arabian Light, a similar product. But between 1983 and 1985
Saudi Arabia's Arabian Light 34° (the official price) was $28/29/B while spot prices in the
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market were declining to a lower level, due to lower demand and increasing excess capacity
in OPEC and world-wide crude oil production. Thus, even with the effort of Saudi Arabia,
spot prices differ than the official prices of OPEC.
When OPEC abandoned the fixed official price structure in 1987 and chose quota
allocation alone as a means to control the market, differences continued among its members
concerning the appropriate quota for each member, the observance of the quotas and the
choice of the ceiling. Saudi Arabia and other GCC members argued for a higher ceiling for
OPEC in order to stimulate demand and advocated quota distribution along oil related criteria
such as reserves, historical production and sustainable capacity.
During the seventies and until the mid eighties, the monolithic cartel model did not
apply to OPEC owing to the disagreements over appropriate oil prices in most of its
meetings. After 1986, disagreements over ceilings, quotas and cheating by other members as
well as the decline of the monopolistic power of OPEC were all so evident that Saudi Arabia
was not acting as a member of Monolithic group.
4.2.2 The Competitive Model
According to this model the market is the main determinant of oil price changes. The
increase in demand and the decline in world oil discoveries during the 1960 and early 1970s,
might have increased depletion and user costs causing the price of oil to rise. MacAvoy
(1982) explained the changes in oil prices by focusing on supply and demand rather than
cartel behaviour. Price increases were attributed primarily to supply disruptions. MacAvoy
explained the price increase in 1973 as a result of speculative increases in demand because of
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the supply cutback. The rise of prices in 1979 and 1980 was brought about by a decline in
production due to the Iranian revolution and the Iraq-Iran War. On the other hand, most of
the cutbacks imposed by OPEC have had limited effects. MacAvoy found that demand and
reserve conditions were more important in influencing the oil price increase. Thus, oil supply
(SO is a function of price (P,), Reserves (Ra ) and supply of the past period (Sal)).
S a
 = f(P„R ( ,S 4 ,_ 1) )	 4.6
Demand is a function of prices P„ income Yj, and past period demand D,(t4)
p it = g(Pt , "Zit 2 D i(t-1) )
	 4.7
MacAvoy simulated the equilibrium prices under a number of assumptions using actual
reserves, income, and some stipulated elasticities. His finding was that OPEC should not take
credit for the cutback of supply, but only for restraining the supply expansion response in
member countries. MacAvoy in his simulation model realised the significant role of Saudi
Arabia in that if there is a substantial change in Saudi production it will have an effect on oil
prices, since it has a very low production/reserve ratio, that gave Saudi Arabia the ability to
change the level of output according to its objective.
Under the assumption of a competitive market, OPEC will not have any monopoly
power. Thus, a competitive exhaustible resource producer will set its price to its marginal
cost plus its user cost. It follows that Saudi Arabia would act as a competitive producer
whose price is influenced by market forces and changes in its output will not have any effect
on the price level.
According to this model, the changes in oil prices are explained by focusing on
supply and demand rather than cartel behaviour. MacAvoy (1982) explained that the price
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increase in 1973 was a result of speculative increases in demand because of the supply
cutback. The rise of prices in 1979 and 1980, was brought about by a decline in production
as a result of the Iranian revolution and the Iraq-Iran war. In all major events the market
generally determined the price.
Table 4.2: Demand for Crude Oil. 1974-1979 (MMBD)
Year World
Demand
OPEC Change in
OPEC
Production
Saudi
Arabia
Change in
Saudi Arabia
Production
Non-
OPEC
Change
in non-
OPEC
Oil Price
1974 45.8 30.6 8.5 18.4 11.58
1975 44.6 27.0 -3.6 7.1 -1.4 18.5 +0.1 11.54
1976 47.4 30.6 +4.6 8.6 +1.5 18.9 +0.4 11.51
1977 48.9 31.1 +0.7 9.2 +0.8 20.1 +0.2 12.40
1978 50.3 29.6 -1.5 8.3 -0.9 21.6 +1.5 12.70
1979 50.9 30.7 +1.1 9.5 +1.2 22.8 +1.2 17.28
Source: BP statistics.
According to this model, members of OPEC, including Saudi Arabia, take the oil
price as given, assuming that changes in each member's output will not have any effect on
the price level. The oil prices are determined by the fundamentals of supply and demand.
Therefore an increase or a decrease in Saudi output would have no effect on the oil prices.
However, a close look at the market raises doubts about the competitive models.
After WWII when the oil market was dominated by the majors, prices ranged between $1.75
and $1.80/B (source: BP), increased during the 1956 Suez war to $2.08/B and eventually
returned to $1.90/B in 1959. Prices remained at this level until 1971 when they rose to
$2.18/B. The stability of these prices, which remained steady in spite of the increase in oil
demand during the sixties, is an indication of the monopolistic power of the majors.
However, between 1973 and 1978 OPEC had power over oil prices. OPEC and Saudi
95
Arabia's shares in the market were high enough to enable them to have some influence in oil
prices on 1973-1978 (see section 3.2.) when oil prices were fixed by OPEC.
Between 1974 and 1978 world demand for oil was fluctuating; it declined in 1975 by
1.2 MMBD, while the demand for OPEC and Saudi crude declined by 3.6 and 1.4 MMBD
respectively in 1975. This, as discussed above, resulted from the decline in demand caused
by the recession at that time and the increase in non-OPEC supply. However, oil prices were
stable with an average of $11.58/B due to the inelasticity of the supply curve, even with
fluctuating demand prices should have more fluctuation in the short-run. In 1978, although
the world demand for oil increased, the demand for OPEC and Saudi Arabian oil declined.
However, the price for oil stayed at $12.7/B and the requirements from OPEC and Saudi
Arabia declined in response to the higher official prices.
The competitive model would necessitate (in the short-run) a decline in prices as a
result of decreasing demand during some of the period 1979-1981. However despite that,
spot prices were running higher than official prices (see Table 4.3 and Figure 3.2, Figure
3.4)). The competitive model explains this spot price behaviour as being due to supply
uncertainty resulting from political events and the scramble of consumers which bid prices
up. But during the following period from 1982-1985, by sticking to official prices and
lowering its production to defend such prices, Saudi Arabia kept spot prices ranging closer to
the official. Had Saudi Arabia abandoned volume control and followed the spot market,
prices might have deteriorated to much lower level. The experience of 1986 testifies to this.
When Saudi Arabia chose the competitive solution, prices dropped to less than $10/B
following the introduction of netback pricing and the beginning of market-related prices.
96
When OPEC, under the leadership of Saudi Arabia, decided to cut back its production and
reinstate the quota system prices went back to $17/B. Therefore, the only time the market
was competitive, was in 1985/86 when OPEC production was a free for all and when Saudi
Arabia produced at closer to full capacity.
Table 4.3: Demand for Crude Oil. (MMBD) 1979-1982. 
Year World demand OPEC Saudi Arabia Official prices Spot prices
production production VB $/13
1979 64.1 30.7 9.5 17.28 30.02
1980 61.5 26.7 9.9 28.68 35.94
1981 59.9 22.4 9.8 32.50 34.26
1982 58.3 18.8 6.5 34.00 31.75
Source: BP statistics.
Another argument against the competitive model is that, marginal revenue was
higher than marginal cost through the period. Whilst the marginal cost of barrel of crude
oil was less than $1/B, the price never fell below $8/B which indicate that MR>MC.
However, one might say this is due to the nature of oil as an exhaustible resource' (see
Fisher, 1981 among others) since the marginal cost of a barrel of oil includes the user
cost MC= MR-User Cost, where user cost depends on the discount rate of the producer.
However, with a free-for-all policy dominating the oil market in 1986, the price did not
reach the marginal cost (for example the lowest price for API 34°, was $8/B in August,
1986) .
This history indicates that Saudi Arabia has influenced the oil market since 1974
through different means, including insisting on moderate price increases, and using its
output capabilities to influence the market outcome. The Doha 1976 price split, the
utilisation of excess capacity in the 1978-1980 period to fill the shortfall of Iraqi and
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Iranian disruptions, the output response in the second Gulf crisis and the production
restraint throughout the period 1987- 1997 are all examples of the extent of the influence
that Saudi Arabia has exercised in the world oil market.
4.3. Models that Address Saudi Arabia's Role
On 16 October 1973, OPEC Gulf producers decided to set the price unilaterally from
$3.011/B to $5.119/B. When that was followed in December 1973 by another unilateral
increase to $11.621/B by all OPEC members (Seymour, 1980), the description of OPEC as
a cartel was introduced to the literature. An important aspect of OPEC relates to the role, the
objective and the policies of Saudi Arabia. Given the size of its proven reserves and large
share in world oil production and exports, the importance of the Saudi role was discussed in
several studies in the early seventies. Mabro (1975) indicated that "OPEC is Saudi Arabia"
while several studies of OPEC have treated Saudi Arabia separately and pointed to its
importance as a cartel member. (for example Stevens, 1982).
OPEC has been described as a cartel able to raise prices through co-operation in
reducing the quantity of the commodity supplied, causing prices to exceed the marginal cost.
These models assume that the oil market is dominated by cartel whose members co-operate
in order to maximise their joint profits. Producers in this model take into consideration the
responses to their policies of both consumers and non-cartel producers. Where other models
are used, there are several variants: the two-block cartel, the dominant producer model with
Saudi Arabia as a swing producer and the market-sharing cartel.
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through the use of the Nash solution and depends on the negotiated agreement between the
two groups. If the share is fixed, OPEC will choose that of the monopolistic price. The
model suggests that spender countries would produce first because of the high discount rate,
while the savers will produce last.
In this model Saudi Arabia is a member of the saver group which means that would
cooperate with Kuwait, UAE, Qatar, Libya and Iraq in order to maximise the group profit. To
be a member of the saver group Saudi Arabia has to have a limited domestic absorptive
capacity, large surplus and hence, low discount rate. The model suggests the use of Nash
bargaining between the two groups and the spender group should produce first which means
that Saudi Arabia and other members of the saver group should wait until the resources run
out before they produce, Hnyilicza and Pindyck assumed that a fixed share of total
production and bargaining between the two groups should relate to the overall production of
OPEC. Thus, according to this model Saudi Arabia would have a certain percentage of
agreed production, which should be low enough to allow the spenders to produce enough to
maximise their profit. Saudi Arabia should also be in full co-operation with the saver group.
,
In respect of pricing and production decisions from Libya, and Iraq (Doha's two
tier prices and 1979/81 price increase where Saudi Arabia was joined only by the UAE)
and differs in respect of pricing, to all other members of OPEC. Its production at certain
periods was at full capacity while others were charging prices as high as the market
would permit. Furthermore, from the history of the dispute between Saudi Arabia and
some members of the saver group, most notably Libya and Iraq, full co-operation
between members was unlikely. However, between 1983 and 1985, Saudi Arabia co-
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operated with the other members and this led to a decline in its oil production and
revenue. Thus ultimately in 1985, it abandoned its position as the swing producer.
Model of Geroslci. Ulph and Ulph (1987): OPEC is described as a cartel where the
behaviour of producers varies over time in response to previous data and the co-operation of
other producers. It also varies according to the producer willingness to allow others to cheat,
and the weight they put on long-run and short-run profits, which depends on their financial
needs.
= c0 + I a ijPjt EPikYkt
j=1	 k=1
	 4.11
where pi, are the prices of OPEC producers, and Yk, are exogenous variables such as income,
temperature and seasonal variables. By placing certain restrictions, the long-run demand (qi,)
for OPEC members' production using the distributed lag model is given by
cht Yioclit ± EY	 + D 	4.12
L=1
where D, are supply interruption dummies, q i, and g 1 the short-run demand and the
production of the, last period respectively.
With the above two equations and, with C i being the unit costs of production which
are assumed to be constant the ith producers long-run and short-run profits are
fl = (13 1 — C i )q i ,	 fl = (P1 — C i )q:	 4.13
Thus, the objective function where the producers follow a Nash equilibrium is to maximise
V(P) and is given by
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 P 3 = 31
L
 P t ) + (1 - Oh ( Pt) + 0 E ( P t )
	
4.14
j=I j
where Pt = (P1t is the vector of prices. The equation reflects the varying conduct of the
producer i, where 5 is the weight the i producer puts on long-run profit and (1-5); is the
weight it puts on other short-run-profits, 0 the value of which reflects the degree of co-
operation. It is the weight producer I attaches to the long-run profits of other producer. If
0=0 it indicates non-co-operative equilibrium which depends on the i producer's excess
capacity, while the coefficient 5 depends on the financial needs of producers. The need for
short-term profits would lower the value of 5, raising the non-co-operative behaviour.
By dividing the ten major OPEC producers into four groups, (fringe, high absorbers,
low absorbers and Saudi Arabia) and using quarterly data for the period 1966-1981, Geroski
et. al, estimated the model in two stages. First, by estimating the demand parameters and then
by imposing these parameters on the first order conditions to maximise profits, they
concluded that the member countries' conduct varies over time.
Al-Roomy (1987) extended the model of Geroski, Ulph and Ulph by tying to model the
complete world oil market. He studied the interaction between OPEC and major non-OPEC
producers, using monthly data for the period 1974-84. Al-Roomy grouped producers of oil
into four groups; Saudi Arabia, the Gulf, African producers, and the fringe. He also used 8 as
the only source of variation in the behaviour of each country's financial needs. While
Geroslci et. al. assumed cost as constant, Al-Roomy took into account various estimates of
production costs. By using monthly data, he tested the model and concluded that price
movements cannot be explained solely by conventional supply and demand features.
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In the Geroslci, Ulph and Ulph model and the Al-Roomy model, in edition to the same
criticism that was discussed above for the division of OPEC producers into four groups
(fringe, high absorbers (African producers), low absorbers (Gulf producers) and Saudi
Arabia). the GUU model used events of the market to build the model. The problem with
this approach is that models should explain the changes in the market, while GUU use the
events to implement the model.
4.3.2 The Dominant Producer Model with Saudi Arabia as Swing Producer
OPEC as a monolithic cartel is capable of setting the price that maximises its discounted
profits. In the long-run, if the price was high enough to provide a positive economic profit to
the fringe competitors, oil would be discovered elsewhere and alternative energy forms
would be developed. According to Seymour (1990) the higher price levels increased the pace
of oil development in established fields, such as the North Sea, encouraged discoveries of
new fields, and made the high cost fields more profitable. Under these conditions, the
demand for OPEC oil would decline. Therefore, in order to maintain the monopolistic price,
the output of the cartel must be restricted through the allocation of output quotas among its
members. Some models attribute the cartel's stability to some members acting as swing
producers in order to keep OPEC's output at a certain level. The swing producer role was
borne by the producer with large revenues and limited absorptive capacity.
Griffin and Teece (1982) described Saudi Arabia as the swing producer or the balance
wheel absorbing demand and supply fluctuations in order to maintain the monopoly price.
They stated that the monopoly price and the stability of OPEC depends more on how much
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Saudi Arabia's share satisfies its objective, than on the cartel's cohesion. According to this
model, Saudi Arabia would choose the price path when maximises its wealth over time
taking into account the reaction of the fringe.
Adelman (1982) described OPEC as a loosely co-operating oligopoly-cartel or a
residual-firm monopolist, that lets everybody else maximise profits individually by choosing
their own production levels while the cartel raises prices by restricting output. OPEC
chooses its own production, to maintain the cartel price and Saudi Arabia acts as the swing
producer. Adelman gave an example of output restriction in 1975, when Saudi Arabia
reduced its production from an average of 8479.7 Thousands Barrel per Day in 1974 to an
average of 7075.4 Thousands Barrel per Day in 1975 in order to maintain the price of oil at
the monopolistic level.
Mabro (1975, 1986,  1988, 1991) like Adelman, but from a different perspective, draws
attention to the important role of Saudi Arabia in OPEC. He applied the dominant producer
theory to the oil market and noted that OPEC is a cartel with Saudi Arabia acting as a
Stackelberg price leader. In the seventies, OPEC determined the price of Arabian Light as a
reference, and the members of OPEC then set the price of their oil, selling as much as they
wanted, while Saudi Arabia was able to maintain its role as the residual supplier because of
its relatively lower absorptive capacity. However, the expansion of non-OPEC supply in the
eighties caused the demand for OPEC oil to decline, and when this demand was less than the
aggregate volume which could be produced, excess capacity increased, causing difficulties in
maintaining prices. According to Mabro, OPEC's ability to survive was more apparent in the
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eighties (when demand for its oil was shrinking and the organisation started allocating output
under a quota system in 1982) than in the seventies.
In explaining the causes of the 1986 oil price collapse, Al-Moneef (1987), saw it as a
result of Saudi Arabia abandoning the swing producer role when it became less rewarding.
This was as a result of the structural changes in world oil demand and non-OPEC supply,
reducing OPEC's market share and that of Saudi Arabia, thus undermining the effectiveness
of the residual role of OPEC and the swing role of Saudi Arabia. Cremer and Salehi-Isfahni
(1991) in their review of world oil market models, analysed the role of Saudi Arabia as the
dominant firm. Saudi Arabia has significant market power in the short-run, but in the long-
run the influence of Saudi production is small because world demand and supply of the fringe
is more elastic.
Askari (1991) reviewed Saudi Arabia's oil policy in a different period when as a
major player of OPEC between 1973 and 1978, it supported the organisation, but, at the
same time was reluctant to see the price of oil rise high enough to cause any damage to the
world economy. During the period 1978-1981 Saudi Arabia increased its output to the
maximum sustainable capacity to prevent price increases as a result of economic and
political factors, to avoid further shocks to the world economy and to keep low prices for its
long-term interest. From 1982-1985 Saudi Arabia continued to act as a swing producer to
maintain OPEC price levels producing below its capacity for four years. By 1985, a long and
costly period of production cutbacks resulted in the need for short-term revenue.
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4.4 Other Models of OPEC Behaviour
In this section we will explore alternative approaches to explain the behaviour of OPEC
members, paying particular attention to Saudi Arabia. Such models fall within these
categories: the property rights model, the fiscal constraint model and the target utilisation
model.
4.4.1 Property Rights Model
This model involves the effects of the transfer of ownership from international oil
companies to the governments of the oil-exporting countries. The high discount rate
employed by companies which led them to excessive production, was transformed through
the change in property rights to lower rates by the governments who favoured lower
production to account for exhaustibility.
Johany (1978, 1980), adopted the property rights model to explain the oil price
increase of 1973-74. Johany argued that the sharp increase in the market price of oil that
followed the October 1973 Arab Israeli War, was not because OPEC had become an effective
cartel capable of reducing output to raise prices. Rather, it was the result of a shift towards
price setting by the oil producers instead of through negotiations with the oil companies, as
had been the practice before October 1973. The role of the oil companies was reduced
essentially to that of contractors, and because OPEC countries have a lower discount rate than
the companies' effective discount rate, their oil output since 1973 has been lower than what it
would have been if the companies were still the owners of crude, which would have led to
higher oil prices.
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Table 4.4: The Average Percentage Change for Saudi Oil Production from 1969-1996
Year Production %change
1969 3216.2
1970 3799.1 18.1
1971 4768.9 25.5
1972 6016.3 26.2
1973 7596.2 26.3
1974 8479.7 11.6
Aver 1969-1974 =22%
1975 7075.4 -0.17
1976 8577.2 +0.175
1977 9199.9 +0.07
1978 8301.1 -0.10
1979 9532.6 +0.15
1980 9900.5 +0.04
aver.1974-1980= +09.7%
1981 9808.0 -0.34
1982 6483.0 -0.30
1983 4539.4 -0.30
1984 4079.1 -0.10
1985 3175.0 -0.22
Ave. 1981-1985=25.2%
1986 4784.2 +0.51
1987 3975.2 +0.28
1988 5083.5 -0.003
1989 5064.5 +0.27
1990 6412.5 -0.27
1991 8117.8 +0.03
1992 8331.7 +0.03
1993 8047.7 -0.03
1994 8049.0 -0.00
1995 8000.0 -0.01
1996 8000.0 0.00
ave.1988-1996=+00.1%
Source: OPEC Statistical Bulletin
The property rights model assumes that when the ownership of oil companies
transferred from the company to the government of the producing countries, the discount
rate dropped because the time horizon for the concessionaires is limited as compared with
an oil producing government. For Saudi Arabia, the changes in ownership started with the
participation agreement signed in 1972 and its influence on the production of the oil
h.
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company in the following year. By 1980, 4 Aramco was totally owned by the government.
The gradual transfer of ownership between 1972 and 1981 and its effect on Saudi Arabia's
production and pricing of oil should be analysed to see if the changes in rate of production
had any relation to the percentage of government equity.
In this model, Saudi Arabia has a lower discount rate, since it has a longer horizon
for production. Accordingly, production would fall, thereby driving up the world price.
Production of Saudi Arabia and its rate of change in output level between 1969 and 1996
are shown in Table 4.4.
The table shows that production increased by an average of 22% annually during
the 1969-1973 period. During the period of government control (1975-1980), the rate of
change of Saudi Arabian output averaged 9%. The swing producer period (1981-1985)
production changes averaged at a rate of -25.2%. While the period of flexible price
volume control of 1988-1996 averaged a rate of production change of 0.1%.
The rate of change in production between 1969 and 1974, could be explained by
the desire of Saudi Arabia for nationalisation, 5
 and the change in power of decisions over
production in 1974 from the company to the government. From 1981 to 1985 the rate of
change in production become negative. From 1988 to 1996 it averaged 0.1%. Thus, this
approach explains one event, the changes in the rate of production between 1969 to 1974,
when the four owners of Aramco had a short horizon in controlling oil production in Saudi
Arabia°. However, it has little relevance to later history.
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Moreover, while the theory partly explains the price increase in 1973, it does not
explain the decline in prices during the eighties. According to the theory, following the
1979/80 price rise (due to a short-run of supply constraints) it would return to its initial
level and then gradually increase. However, in real terms the price of oil fell lower in real
terms than it had done in the sixties.
4.4.2 Target Capacity -Utilisation Model (TCU): 
There are two assumptions on which the target capacity-utilization models are
based: First, OPEC is the residual supplier of the world oil market; Second, OPEC prices
are influenced by the gap between its current capacity utilization and some target level of
capacity-utilisation.
The TCU model relates the production of OPEC to the rate of capacity-utilisation,
which is measured as the production level divided by the production capacity level. Those
who have tested the model previously found that prices would increase dramatically at high
capacity-utilisation and decrease slowly at low rates of utilization.
According to this view, OPEC attempts to maintain capacity-utilisation near a target
level. If capacity-utilization rises above the target then high demand stimulates OPEC
price increases. The price increase will subsequently lower demand and reduce capacity-
utilization down to the target. If capacity-utilization falls below the target, then OPEC uses
price reductions to stimulate demand and increase utilization, until the target is reached.
The target-capacity pricing model was used for OPEC by the US Department of Energy's
Energy Information Administration (DOEEIA) where they used regression analysis
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between annual percentage changes in real prices and OPEC capacity utilization to forecast
the price of oil.
To evaluate . the ability of a target-capacity rule to satisfy OPEC's objective, Steven
Suranovic (1993), defined capacity-utilisation, CU, as
s opec
CUt — tMAXCAP,
where S °Pec is OPEC supply at time t and MAXCAP, is OPEC maximum sustainable
capacity given exogenously. The relationship between the rate of change of the world oil
price and capacity is given by:
—	 Pt-I
P -1	 a+ 1— CU,
Stephen Powel (1990) used the historical behaviour of the world oil market by plotting the
annual percentage change in price and capacity utilization. He concluded that there is a
relationship between the high capacity utilization and price increases, and low capacity
utilization and price decreases, but he was critical of its continued use for forecasting after
1985.
Powel (1990) and Porter (1992) have been critical of the TCU because the
deteriorating empirical basis of the statistical relationship after 1985 diminished its
predictive value. Gately (1995) criticised the TCU model because of the shift of Saudi
Arabia and other OPEC producers towards production ceilings and quotas. To apply this
mode to Saudi Arabia we need to find out if there is a relationship between annual
percentage changes in prices and Saudi Arabia's capacity utilisation, and the price.
4.15
4.16
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In this model, Saudi Arabia should attempt to maintain capacity utilization near a
target level (TCU), which was assumed by the model to be around 80%. Investigating the
CU for Saudi Arabia, by dividing the total Saudi output by maximum sustainable
production capacity, CU ranged from a high of 0.92 in 1980 to a low of 0.34 in 1985
averaging 0.70 over the period (Table 4.5).(see Figure 4.1).
Table 4:5 Crude Oil Production and Capacity of Production for Saudi Arabia (1976-
1993)
Year Capacity Production CU Price Year Capacity Production CU Price
1976 10790 8577.2 0.79 11.51 1987 8800 3975.2 0.45 17.73
1977 11840 9199.9 0.78 12.40 1988 7750 5083.5 0.58 14.24
1978 11840 8301.1 0.70 12.70 1989 7250 5064.5 0.69 17.31
1979 11840 9532.6 0.92 17.28 1990 7750 6412.5 0.82 22.26
1980 10800 9900.5 0.92 28.67 1991 9150 8117.8 0.88 18.62
1981 11300 9808.0 0.87 32.50 1992 8675 8331.7 0.91 18.44
1982 11700 6483.0 0.55 32.38 1993 9000 8047.7 0.89 16.33
1983 11300 4539.4 0.40 29.04 1994 9500 8049.0 0.85 15.53
1984 11300 4079.0 0.36 28.20 1995 10000 8000.0 0.80 17.18
1985 9300 3175.0 0.34 27.01 1996 10000 8000.0 0.80 19.81
1986 8800 4784.2 0.54 13.53 1997 10300
Source: OPEC Secretariat.
The model fails both to explain the rationale behind choosing a particular capacity
utilisation rate; and to project the best capacity that could be maintained over a long period
of time. However data show that when capacity is high for a period, the next period would
have higher oil prices. For example, the highest CU was in 1980, the following period
(1982) showed the highest spot prices, and in 1985 when CU as low as 34% the average oil
price for (1986) went down to $13.53/B. This concept was used to predict oil prices in the
period before 1987 by the US Department of Energy's Information Administration
(DOEEIA). But this could be applied only before 1987.
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Figure 4:1 Saudi Arabia's Crude Oil Production and Sustainable Oil Production Capacity
(1976-1994) 
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4.4.3 The Fiscal Constraint Model
In the model espoused by E7zati (1976,1978) and Cremer and Salehi-Isfahani (1980),
OPEC member countries are developing nations, some with limited absorptive capacity. It is
expected that when oil revenues become large in comparison to the country's needs, output
levels would be restricted to decrease the oil revenue and force it to come in line with the
country's needs: However, others such as Adelman (1993) found that with low oil prices and
given countries' financial needs some members of OPEC tried to increase their production
level to cover their economic needs.
In the late seventies the absorptive capacity of members of OPEC was discussed in a
model by E7zati (1976,1978) which used an analysis of OPEC in an intertemporal cartel
framework and allowed for differences in the economic infrastructures of OPEC member
countries and their ability to absorb oil. The model was constructed mainly to assess the
"stability" of the cartel by comparing the production of the members of OPEC at certain
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the production of an OPEC member, then according to the model, P it should be equal to the
target revenue.
Pt
 =
	 4.17
Investment needs and oil prices are exogenous to the producer, so the quantity produced
takes the form:
lnq i, = c +7 11 1nP, +1 12 lnI sit -Fs iy
	4.18
Increase in investment needs would result in an increase in production; but for a given price
coefficient, 7 , it would be negative.
Adelman (1993) argued that the objective of OPEC members is to maximise their
revenue. He said that OPEC is a cartel whose members cooperate to set the price that covers
their revenue needs. OPEC uses its monopolistic power to gain the high revenue needed by
member governments. Accordingly, Saudi Arabia co-operates with other members of OPEC
to raise its revenue by restricting output either by using the dominant firm model or by co-
operation with other members in determining output.
Linderoth (1992), using data covering public revenues and expenditure plus the
balance of payments, tested the target revenue theory and concluded that Saudi Arabia was
on the backward sloping part of the supply curve only for a very short time after the first and
second oil shocks.
Evaluating the actual performance of Saudi Arabia in the market, we can say that it
differs from other OPEC members in that it has a huge reserve, and can influence the price
more than countries with a small reserve and little spare capacity. Such countries will sell
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their oil at any price while Saudi Arabia is interested in maximizing the value of its oil
revenue.
Table 4.6: Saudi Arabia's GDP in Saudi Rival 1974-1996
year GDP real (Billion
Saudi Ryal)
GDP nominal
(Billion Saudi
Ryal
Current
Account
Billion Saudi
Ryal
Oil Price
SIB
Saudi Arabia
production
Thousands B/D
1974 31.7 139.60 81990.00 11.58 8479.7
1975 34.7 164.50 50336.00 11.54 7075.4
1976 39.7 205.10 50414.00 11.51 8577.2
1977 42.0 225.40 41971.00 12.40 9199.9
1978 44.8 249.50 -7528.00 12.70 8301.1
1979 49.4 385.80 40416.00 17.28 9532.6
1980 53.3 520.60 142240.00 28.67 9900.5
1981 54.2 524.70 139123.00 32.50 9808.0
1982 48.3 415.20 25955.00 32.38 6483.0
1983 48.3 372.00 -58216.00 29.04 4539.4
1984 47.2 351.40 -64845.00 28.20 4079.1
1985 45.3 313.90 -46855.00 27.01 3175.0
1986 47.8 271.10 -43680.00 13.53 4784.2
1987 47.2 275.50 -36604.00 17.73 3975.2
1988 50.7 285.10 -27492.00 14.24 5083.5
1989 50.8 310.80 -35776.00 17.31 5064.5
1990 56.2 392.00 -15555.00 22.26 6412.5
1991 61.0 442.00 -103502.00 18.62 8117.8
1992 62.3 461.40 -66437.00 18.44 8331.7
1993 59.5 443.90 -64668.00 16.33 8047.7
1994 61.5 150.00 -30940.00 15.53 8049.0
1995 63.8 469.40 -19900.00 17.18 8000.0
1996 '	 67.0 509.80 700.00 19.81 8000.0
Source: OPEC secretariat and IMF.
In 1979, 1980, and 1981 Saudi Arabian oil revenue reached a high level (see Table
4.6), and the excess revenue was invested abroad. In other years (1983-1986), it produced
less than needed for financial requirements and suffered budget deficits. Saudi Arabia did not
cut its production but increased it to 10 MMBD in 1980. The problem was that the financial
absorptive capacity hypothesis did not come up when production declined in 1982 and
revenues declined below the financial absorptive capacity requirement. In the case of Saudi.
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Arabia, its national development strategy required heavy expenditure, which led to rapidly
increasing domestic investment opportunities, thereby raising the absorptive capacity of the
economy and its revenue requirements.
Furthermore, in dealing with its surplus funds during the period 1973-1981 Saudi
Arabia invested part of it through the Saudi Arabian Monetary Agency (SAMA) which
placed part of this surplus in US treasury bills and notes and other financial markets. Thus
financial absorptive capacity did not deter countries from producing at higher prices and
accumulating tunas. In addition, this contadids the model's assumption that the oil-
exporting countries would have no efficient foreign investment opportunities (Bergendahl
1984).
Saudi Arabia cut its production twice (while the oil prices were high). The first cut
in 1975 was caused by the decline in oil consumption in the industrial world as a result of
economic recession (see section 3.2.1). The second cut was in April 1979, and various the
reasons discussed in section 3.2.2. However, Saudi Arabia increased oil production to 10
MMBD a few months later. It lowered its production again in 1982 and 1983 owing to the
low demand for OPEC crude.
Following the collapse of oil prices in 1986, Saudi Arabia increased its production in
order to increase its revenue. This caused its GDP to expand from 271 billion Riyals in 1986
to 455 billion Riyals in 1994. Hence, there was no evidence to support the target revenue
model for Saudi Arabia.
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4.5 Econometric Testing
Econometric testing for the competitive model was done by Griffin (1985), using the
following equation to test a competitive model of OPEC behaviour :
In q it = a it + y it ln Pt + E it	 4.19
The result of the competitive model for Saudi Arabia is that the positive coefficient (y>0) on
price is rejected, concluding that price (exogenously determined) influences the decision of
production for Saudi Arabia. But Griffin's study used OLS with no consideration of
dynamics.
Griffin (1985) tested the model using the following equation, where under the
property right model production will be influenced by the percentage of government
controlled production:
lnq=a+6G+c	 4.20
G is the percentage of production controlled by the government in the producing country,
with 5 <0. Griffin used annual data for the period 1971 to 1981, and the result was not
significant for Saudi Arabia. Griffin, also tested the target revenue model using the
following equation
inch = cc ; + yalnPt +y, 2 1nrit +s 	 4.21
where I* is the target investment. Griffin tested a restricted variant for the value y12=1,
1, which was rejected by ten members, including Saudi Arabia, for whom investment
data is available. On the other hand with the partially restricted variant yi2<0 y11>0 it was
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difficult to reject the hypothesis despite the lack of evidence to support the theory even with
the use of trended investment series.
Griffin used quarterly data for price and production for the period 1973.1 to 1983.3 in
order to test different models of OPEC behaviour separately. The cartel model was tested
using the following equation:
inch =	 + P it In Q i°t ° +13 ;2 ln Pt ± S it	 4.22
where qit is the production of the i th member, Qit is the production of OPEC minus the i
member's production and p is the price. Using the OLS, Griffin concluded that the
production of Saudi Arabia varies with the production of others, indicating the dominant firm
models with Saudi Arabia acting as the market leader which varies production inversely to
the competitive output including the rest of OPEC.
The study of Griffin was criticised for using improper econometric tests. Al-Turki
(1994), described the study as an example of the misuse of the statistical model when faced
with the problem of autocorrelation. He attempted to overcome the shortcomings of Griffin's
study by re-examine the model in the presence of autocorrelation. Al-Turki suggested the
presence of autocorrelation as a result of misspecified dynamics, so he specified an
unrestricted dynamic model and tested for the optimal number of lags. Then he reduced the
general unrestricted dynamic model by imposing restrictions and testing for these restrictions.
The final model was of the form:
ln q it = a + [3 In Q1-)t° + 13 In Pt +In q t_ i +s it 	4.23
Al-Turki used quarterly data for the period 1971 to 1987 and by applying the OLS
procedure, he provided more accurate estimates to evaluate the behaviour of OPEC countries
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in the world oil market. His results supported the hypothesis that described Saudi Arabia
behaviour along the lines of the partial market-sharing model.
The market-sharing model implies that OPEC is a cartel and that Saudi Arabia is a
member of a cartel who is assigned a quota of production. So there must be a relationship
between the production of Saudi Arabia and the other members of OPEC, in which case we
can test the model using the equation suggested by Griffin with the use of data for different
periods of the study and more advanced econometric procedures.
Salehi-Isfahani (1987), criticised the study for the use of misspecified regression
equations, at least for the target revenue model. He questioned Griffin's interpretation of his
results where he concluded that any increase in price would be met with a decrease in
production (restricted variant). Salehi-Isfahani suggested the use of the expected price
variable rather than actual ones. Using the same model and data and allowing for
expectations with a lagged price, Isfahani's results supported the target-revenue model.
Salehi-Isfahani used a dynamic model of member countries of OPEC with high absorptive
capacities, and with development plans depending on oil revenues, to test for the oligopolistic
model of the oil market. The numerical results supported the hypothesis that there may be
some economic reasons to restrict oil output when prices rise to a certain level. He described
such reasons as low absorptive capacity, imperfect capital markets and diminishing marginal
utility of consumption.
Cremer and Salehi-Isfahani (1991), criticised Griffin's study for lack of dynamic
considerations made apparent by the presence of acute serial correlation. They suggested
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including the long term expected price variable which would solve the problem of the acute
serial correlation.
Dahl and Yucel (1991) tested two variants of the target revenue model, the strict and
the weaker one for OPEC members using data for Saudi Arabia from 1971-87. The
hypotheses of both variants were strongly rejected, but Dahl and Yucel suggested including
the investment in the general market model to be tested for members of OPEC. Dahl and
Yucel tested the swing producer model using output co-ordination between members of
OPEC and the total production of OPEC, rejecting the hypothesis of co-ordination and
concluding that Saudi Arabia's production doesn't have any relationship with the production
of others. Dahl and Yucel used quarterly data for Saudi Arabia from 1971 to 1987.
Econometric testing for the swing producer model was undertaken by Griffin and
Neilson (1994), focusing on the strategies used by OPEC to generate cartel profits over the
period 1983-90. The result supported the hypothesis that OPEC adopted a swing producer
strategy from 1983-85. But when Saudi Arabia's profit fell below the level of Cournot profits
in the summer of 1985, it abandoned the role of swing producer, driving the prices to the
Cournot level. According to Griffin and Neilson, Saudi Arabia appears to have adopted a tit-
for-tat strategy designed to punish excessive cheating by other OPEC members.
For testing the swing producer model Griffin and Neilson used the following:
nSA _ nW _
 
NO nO0
‘4 pA - 4"4 A	 ‘.'4 A - \41DAP	 P 4.24
where PA denotes the price specified by OPEC. Qw
 denotes world demand for oil at price P,
QN° denotes the supply of non-OPEC countries, and Q°° denotes the output of other OPEC
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countries. Fluctuations in Saudi Arabia's output ( Es') should be positively related to
demand shocks (sw) and negatively correlated with non-OPEC and other OPEC supply
shocks (00 , coo ) as follows:
E SA = E W — E NO — 600	 4.25
Assuming that world demand is constant, the strategy used by Saudi Arabia is to behave like
a swing producer as long as other productions are below level Q*. If other production levels
exceed Q*, then the Saudis produce according to the Coumot best-response function for the
remainder of the game using the following:
QSA_ Q SquAota . 7 (Q 00 _ n
quota 
\
N4	 /
	 4.26
On account of the lack of monthly data, instead of the above test Griffin and Neilson
adopted an indirect test which utilises available price data. Accordingly, under the swing
producer, the price should fluctuate around the Saudi marker price causing the price to remain
stationary, while under fit-for-tat it should differ structurally. Therefore the following
general equation was used:
Pt — Pt-1 = a +13T + (y —1)131_1 + 5(13,_, — Pt-2)+ et 	 4.27
to test the hypothesis of random walk (p=o and y=1) using data for the swing producer from
May 1983 through August 1985 and the tit-for-tat period from October 1985 through March
1990.
Even with the rejection of the hypothesis of random walk, Griffin and Neilson still
believe that the equation is consistent with the swing producer model. They tested the
structural change for the two periods and the equality of the two variance of prices, and
found that the prices exhibited much greater variation and differed structurally in the two
periods.
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Griffin and Neilson tested tit-for-tat. They used equation testing for the punishment
of cheating by Saudi Arabia to other members. So they added a non-linear punishment for
cheaters:
Q SA (-1 SA = Y
o
	in00 n \	 (Q00 nO0 \ 2
\4 quota	 -FrIk	 \< quota	 v.,4 quota )
The test shows that Saudi Arabia does not appear to react to low levels of cheating and
may absorb some minor cutbacks, but high levels of cheating evoke a forceful response.
Gulen (1996) used monthly data for the thirteen OPEC members from 1965 to 1993.
Using cointegration and causality tests for four different periods, 1965:1-1993:2 (full
sample), 1965:1-1973:9 and 1974:2-1993:2 and 1981:1-1993:2, he compares the performance
of OPEC before and after the first oil shock of 1973-74 to see whether the organisation has
been successful in co-ordinating output among its members since adopting the quota system
in1982. Gulen concluded that there was co-ordination among the members during the output
rationing era.
Al-Yousef (1994) used quarterly data from 1973:3-1993:3. to test the market sharing
model for all members of OPEC by using cointegration analysis and Johansen procedures. It
was found that members of OPEC differ in their behaviour. Saudi Arabia behaviour was
described as expanding market share since its production changed by more than was
proportionate to the production of other members of OPEC. It also had a negative
relationship with the price, which indicated that Saudi Arabia's production had some effect
on the price of oil.
4.28
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Gulen (1996) tested the cartel hypothesis for OPEC applying the same relationship
used by other tests. The relation between member's production and total OPEC production
is:
Qit = atQt
Where Q, t is the jth member's production and Q t is the total OPEC production at
time t, and a is the production share of the i th members of the cartel. Using Engle and
Granger's (1987) two-step cointegration tests, between individual member production and
total OPEC production, and testing for different periods of the study using monthly data
((1965:1-1993:2) full sample and 1965:1-1973:9 (before the oil shock ), 1974:2-1993:2
(after the first oil shock) and 1982:1-1993:2 (the output rationing era)) Gulen concluded
that there was no-coordination between Saudi Arabia's output and that of the rest of
OPEC. Gulen used Granger's causality test to see if there was a significant relationship
between the production of OPEC and the oil price. He also replaced the production of
OPEC by Saudi Arabian production and reached the same conclusion that there was no
causal relation between OPEC or Saudi Arabia's output and the price of oil in either
direction.
4.6. Political Interpretation of Saudi Arabia's Behaviour
The above attempts have tried to explain the behaviour of OPEC members by
economic factors. In this section we to review the studies that tried to explain oil policy by
suggesting alternative political decision rules.
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Saudi Arabia's political and strategic importance has grown dramatically with the
increased reliance on Saudi oil by consuming countries. In the "Report to the Congress of the
United States explaining critical factors affecting Saudi Arabia's oil decisions" political and
security factors, such as the peaceful resolution of the Middle East conflict and the security
of the country, were discussed.
Stevens (1992) considered Saudi Arabia as the price setter in OPEC and the objective
°f its pricing -pot is cmcial in understanding OPEC's behaviour. He discussed reasons for
Saali Ambia's policy in pursuing moderately low prices: The first is to keep a higher value
on its huge reserve; second, is the influence of the 1.5.S.A on its oil policy. Stevens rejected
this explanation on the grounds that being on oil producer itself, the low oil prices would
increase US dependence on imported oil. Stevens also discussed the possibility of Saudi
Arabia aiming for higher oil prices, accommodate the other Arab oil-exporting countries, and
to cover its budget needs.
Doran (1977), recognised the different political reasons why members of OPEC
would adopt certain pricing strategies. For members with large petroleum reserves, the long-
term strategy is to increase oil prices slowly to minimise the chance of the innovation of new
energy sources and the processing of new discoveries, and to reduce substitution possibilities.
Moran (1982) concentrated on Saudi Arabia as the largest member of OPEC and
,
explained the country's actions as a result of political factors more than a result of optimising
an economic model. Saudi Arabia has exercised price leadership within the cartel to stabilise
or moderate oil prices to achieve its political objectives. Moran stated that "No economic
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calculation alone, such as the strength and weakness of oil markets or the state of world
economy, can account for Saudi Arabia's use of its petroleum base to shape the course of
OPEC's price path. Insofar as Saudi Arabia has exercised price leadership within the cartel,
the decision to do so required a deeper dimension of policy-making which sprang from Saudi
political priorities."
Quandt (1982). explained that long-term Saudi interests may dictate a comparatively
moderate pricing strategy, but uncertainties combined with a cautious Saudi style of decision
making, prevented the Kingdom from consistently following such a long-term approach. In
some circumstances, political pressure from within the Arab world or from the OPEC
members can influence Saudi oil decisions for the short term.
Golub (1985) explained the pattern of Saudi Arabia's behaviour in crises and during
what he calls routine periods. Saudi Arabia oil policy appears to be determined by forces
unrelated to long-term economic concerns but more related to political factors. However,
during routine periods, the profit motive is worthy of attention.
4.7. Conclusion
Saudi Arabia has a vital role in meeting world petroleum needs because of its huge oil
reserves and productive capacity and the flexibility to increase or decrease oil production. Its
decisions on oil production and prices have been an important factor in providing the world
oil supplies. From the previous survey of the literature and evaluation of the models, we can
conclude that the two models that would best describe the behaviour of Saudi Arabia are the
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swing producer model and the market-sharing model which will be discussed in chapter 5.
This is to be followed by the testing of the model applicable to Saudi Arabia's behaviour.
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NOTES
I Most cartel models utilised the theory of exhaustible resources, where for an owner of such a resource, the
optimal path of extraction depends on the market structure and the elasticity of demand. For a competitive
market, the price rises with the rate of interest. For a monopolist, the rate of increase in prices would be less
than the relevant rate of return indicating that the monopolist is more conservative than a competitive supplier of
an exhaustible resource (see Hoteling (1931) and Dasqupta and Heal (1979).
2 48th OPEC Conference held in Doha, Qatar, from 15 to the 17 December 1976.
3 The costs of producing oil are not just the extraction costs. Marginal cost include the opportunity cost of
selling the oil today instead of tomorrow, taking into account the depletable nature of a non-renewable
resource.
'The difference between the legal ownership and the realistic ownership.
5 After the announcement of the Saudi Minister in the American University under the title "Participation
Versus Nationalisation".
6 See the section on participation in chapter 3.
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CHAPTER 5
THE SWING PRODUCER AND MARKET-SHARING MODELS
5.1 Introduction 
The importance of Saudi Arabia as a large producer of oil can not be ignored and
Adelman (1982) Mabro (1975, 1991) Stevens (1982)(1992) have drawn attention to its role.
In my discussion with Stevens (1996),he stated his views that Saudi Arabia was acting as a
swing producer for the period 1975-1986, when it changed its output in order to influence the
price of oil. Mabro applied the dominant producer theory to the oil market with Saudi
Arabia acting as the Stackelberg price leader. In the seventies, OPEC determined the price of
Arabian Light as a reference and the members of OPEC set the price of their oil, selling as
much as they wanted, while Saudi Arabia was able to maintain its role as the residual supplier
because of its lower absorptive capacity. However, the expansion of non-OPEC supply in the
eighties caused the demand for OPEC oil to decline, and when the demand became less than
the aggregate volume which could be produced excess capacity increased, causing difficulties
in maintaining prices. In 1982 the organisation started allocating output under a quota system.
Cremer and Salehi-Isfahni (1991) in their review of world oil market models, analysed
the role of Saudi Arabia as the dominant firm. Saudi Arabia has significant market power in
the short run but in the long run, the influence of its production is small because the world
demand and supply of the fringe are more elastic. The elasticity of demand facing Saudi
Arabia should be very small to bring about a significant effect. This depends on its share of
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the market and the elasticity of world demand and the supply of the competitive fringe (world
- Saudi Arabia). Saudi's share of the world oil market ranged from a high of 17.5 % in
1981 to a low of 6 % in 1985 and its share of OPEC from a high of 44.2% in 1980 to a low
of 20.9% in 1985.
A review of Saudi Arabia's oil policy in different periods indicates that, as a major
player of OPEC between 1973 and 1978 Saudi Arabia supported the organisation, but,
nonetheless did not want the price of oil to rise high enough to cause any damage to the world
oil market. During the period 1978-1981 Saudi Arabia increased its output to the maximum
sustainable capacity, to prevent any price increase as a result of economic and political
factors and to avoid fluffier shocks to the world oil market. It was in its own interest in the
long run to keep prices stable. From 1982-1985 Saudi Arabia continued to act as a Swing
producer to maintain OPEC price levels, producing below its capacity for four years. By
1985, after a long and costly period of production cutbacks, resulting in the need for short-
term revenue, Saudi Arabia abandoned the swing producer position and requested other
producers (OPEC or non-OPEC) to co-operate with it.
However, following the price collapse in 1986, the oil market has changed from
what it was during the time of administered prices (1973-1985) to the time of market-
related prices (1987- present). This is the result of many major structural changes in the
world oil market. We can summarise such changes as follows: first, oil's share in the
world energy mix declined from 55% in 1974 to 41% in 1995.' The relationship between
economic growth and oil/ energy use weakened and in 1982-1985 the relation was even
negative on the demand side, as a result of either efficiency gains or energy consumption
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regulation. Today, the industrialised world uses 40% less oil to generate the same unit of
real GNP that they produced two decades ago.'
On the supply side major changes were underway as well. While OPEC's
production constituted more than 54 % of the world oil supply in 1973, it decreased to 30
% in 1986 and recovered to 41 % in 1994. The share of the world's oil production supplied
by Saudi Arabia, the largest producer of oil, reached a high of more than 17% in 1981 to
decline to 6% in 1986 and accounted for an average of 13.5 % in 1996. Production from
new areas such as Alaska, the North Sea and new formations in Latin America and Africa
increased the non-OPEC supply dramatically, from 25 MMBD in January 1974 to 35.9
MMBD in January 1995.3
Financial development, world wide telecommunications and technological
advancement since the early eighties have overtaken the oil market. Today, the paper oil
market, whether forward, futures, options or derivatives, along with its speculative aspects,
influences the oil market as much as oil companies or OPEC conferences.
Saudi Arabia as an oil producer has been facing the challenge of responding to
world oil market realities. It has done this since 1987 by making oil prices market
oriented, using formula prices with a factor adjustable to the prices of other leading oil
indicators. It is trying to follow a market share model where the objective of its policy is to
maintain a market share. Thus since 1987 Saudi Arabia has acted as a large producer who
is concerned with output. According to Lambertini (1996) the demand function can affect
firms' ability to collude. The cartel stability can continue only if they act as quantity
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setters rather than price setters. According to Lambertini (1996), "As the number of firms
tends to infinity, Cournot behaviour is preferable to Bertrand behaviour in order to stabilise
collusion".
We can say that during the first period Saudi Arabia followed a swing producer
strategy, adjusting output so as to stabilise price. After 1986, it abandoned the role of
swing producer and adopted instead a role of market sharing producer.
5.2 The Swing Producer Model (1975-1986)
As we have shown, Saudi Arabia can adjust its production to changes in world oil
demand, non-OPEC production and other OPEC members' production. The fringe members
would adjust their market share according to their marginal costs; including the user cost
while Saudi Arabia's market share would fall when the demand for OPEC decreased and
would rise with increasing demand. Assuming that Saudi Arabia is the residual supplier:
QtSA = QtW (00 ± Q100)	 5.1
where Qw is world demand, Q14° is the non-OPEC supply and Q°° is other members
of production. Saudi Arabia can be considered in the swing producer model as the price
maker in the oil market, and other members of OPEC and non-OPEC suppliers, the
competitive fringe. Being the residual supplier, Saudi Arabia is the Stackelberg leader that
maximises its profit by choosing an optimal production path, taking into consideration the
reaction of the fringe to its policies, the competitive fringe takes prices as given.
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Saudi Arabian objectives of a stable oil price are:
1. To keep oil competitive over the long term since Saudi Arabia has a high
reserve/output ratio.
2. To keep its share in the market as a low cost producer.
3. To maintain the initiative in OPEC pricing decisions and assert its power in the
market.
Saudi Arabian policies to achieve these objectives are :
1. Resisting attempts by other producers to raise the price, 1975,1977,1979 and beyond.
2. Selling at official set prices and using volume control to ascertain such periods.
3. Increasing output to keep spot prices lower (1977 and 1979-1981) and reducing it to
maintain stable oil prices (1975, 1982-1985).
4. Maintaining its market share at reasonable levels despite an increase in non-OPEC
production (1994-1997).
This model seems to fit the behaviour of Saudi Arabia at various times in the history of
the oil market. During 1975-1982 it varied its production to achieve its price objectives and
to fill the gap of supply shortfalls resulting from the Iranian revolution and the Iran-Iraq war.
Between 1982 and 1985 Saudi Arabia officially undertook the swing producer role when it
agreed with the OPEC quota system to vary its production in order to balance the market.
Although that role was only one episode and Saudi Arabia did not take a quota, it continued
swinging its production in 1975, 1978, 1979 and 1981. In the 1987-1997 period, Saudi
Arabia abandoned the Swing producer role and insisted on protecting its market share
(AbdelAziz Al-Saud 1997). Some believe, like the former Saudi Minister of Petroleum, that
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it is still performing the swing producer role. During my interview in Decembe1996 with ex-
Petroleum Minister, Zald Yamani, he told me that he believed Saudi Arabia to be a swing
producer by definition. He said that not only did it exercise the swing role in the 1982-1985
period but even prior to that, and continues until today. The 1975 downward production
swing and the 1979-1981 and 1990-1991 periods of upward production swing are examples.
And today, he said, Saudi Arabia swings its production by keeping it constant while others
in OPEC increase theirs.
Saudi Arabia objects to any increase in oil price, explained Yamani, because "Oil
prices should not be raised in a way which would reduce demand for oil and as a
consequence weaken the OPEC position." This agrees with the idea that Saudi Arabia was
trying to keep the oil prices stable.
Therefore, Saudi Arabia can be described during the period 1975-1986 as a member of
a cartel that exercised its power by assigning a price and producing the quantity necessary to
maintain that price so as to satisfy its objective of keeping the oil price at a stable level.
Accordingly it can also be described as a price leader who sets the price which others take as
given. The price leadership model is solved as follows: Saudi Arabia Q sA is a price leader
with other OPEC members QopEc and the non-OPEC supplier constituting the competitive
fringe QN°• The oil market is assumed to be composed of Saudi Arabia as a price-setting
leader and a competitive fringe which is composed of the other members of OPEC and non-
OPEC producers.
$/B
pSA
P2
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Figure 5. 1: Model Of Price Leader Behaviour.
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?rice leadership behaviour is illustrated in Figure 5.1, where the demand curve DT
represents the total demand curve for crude a and the supply curve Sw represents the supply
decisions of all the fringe suppliers. Using these two curves, the demand curve DSA that
Saudi Arabia faces is derived as follows. For a price of P I or above, the leader would sell
nothing since the competitive fringe would be willing to supply all that is demanded. For a
price below P2 the leader (Saudi Arabia) has the market to itself since the fringe is not willing
to supply anything. Between P2 and P I the curve DsA is constructed by subtracting what the
fringe will supply from the total market demand. Thus, the leader gets that portion of
demand not taken by the fringe firms. (Pindyck et al (1998)
In this study, to test for the Swing producer Model the relation between Saudi
production and the production of other OPEC members was used to maintain the price
level. When the difference between the official price(P sA) and the market price(Pm)
increased Saudi Arabia would increase or decrease its production to lower the gap between
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the official oil price in either direction. Therefore, if the production of others increased
Saudi Arabia's production would decrease and the converse was usually true.
However, the main objective for swinging its production was to influence the
OPEC official price of oil which was used by Saudi Arabia to sell its oil while other
members of OPEC were more influenced by spot oil prices (see chapter 3). Saudi Arabia
increased its production to stabilise the price of oil at times when there was a shortage
7e3Dhing in an iac.rease -in price. It would increase its output to offset the influence of the
shortage oi oil supply, as happened during the Is anian revolution and the Iran/Iraq war.
However when there was pressure on the price of oil to decline to a level that would affect
the Saudi economy, Saudi Arabia tried to keep higher oil prices by decreasing its output
level. Such was the case in the early eighties. Therefore, the difference between spot oil
prices P and the official OPEC oil prices PsA (Saudi selling prices), should be included in
the equation for the period 1975-1985.
For that period Saudi Arabia was concerned about price stability. Since OPEC used
a price setting strategy, and Saudi Arabia followed that price (the price of the marker
Arabian Light API 34°). Saudi Arabia did not just defend that price, it manipulated its
production in order to minimise the difference between the official price P sA and the market
price Pm. However, it was not concerned about the absolute value, it was concerned about
the propionate difference, since it increased its production in 1977 to upset the 10% price
increase by OPEC while Saudi Arabia agreed only to 5% ( then equal to 5 cents/B
difference). In 1981, Saudi Arabia increased its production to the same amount to minimise
the difference between Pm and P sA that was equal to $17/B.
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For the period 1975-1986, the objective function of Saudi Arabia in the world oil
market was to minimise the difference between the spot price P m and the official price of
OPEC or Saudi Arabia (the price of the Marker API 34° ) pSA. Thus, the objective
function
pSA
t )_m - i keeping the difference between both prices equal to zero
Pt
This function is under several constraints
1-The production capacity of (C) Saudi Arabia which is 2.2 MMBD C . 10.5 MMBD
2- The OPEC supply should constitute at least 40% of the market for Saudi Arabia to
work as swing producer.
3- Oil share from consumption should be at least 50% of total world energy.
PsA
If the demand is high for OPEC oil I	 I <1	 Saudi Arabia would increase its
Pmt
output.
If demand is low for OPEC oil (--Ps:,t ) 1>
Pt—
Saudi Arabia would decrease its output.
(pSA
Using the notation Ptsm = -- the function will be
Jim
aSA = fi(pISM	 5.2
However, Saudi Arabia is a member of OPEC, so its production is also a
proportion of total OPEC production.
QisA = f2 opEc
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Qt0PEC = (00 + QISA)
Thus, by substituting the values of Saudi and OPEC production and combining
with equation 5.2, we can arrive at the following equation
St A = f(Q 0t 0 , ptSM )	 5.3
It is reasonable to assume that QSA is a function of the price level as well as other factors
(using the above models) such as the size of the reserve and the extraction cost. However,
according to other oil market theories Saudi Arabia's production output was also
influenced by factors such as the level of its financial needs. In the absence of reliable
data on the extraction cost and reserves, one is forced to disregard their effects. Therefore,
we can say that Saudi output is a function of production of other countries and of the ratio
of official and spot oil prices.
5.3 Market-Sharing Model (1987-1996) 
Since 1987 and in the absence of a binding agreement to restrict output, Saudi
Arabia and other members of OPEC have been involved in a repeated game between
quantity-setting producers, with Saudi Arabia acting as a Stackelberg leader and others as
followers. Assuming market demand is linear and costs are constant, Stackellberg's model
can be analysed diagrammatically using isoprofit curves (Figure 5.2). Given the demand
curve DsA the leader can construct its marginal revenue curve (MR') and then refer to its own
marginal cost curve (MC) to determine the profit-maximising output level, QsA. Market
price will be the given PM, at that price the competitive fringe will produce (Qonc _ QsA) and
total industry output will be QT = (Q00 + Qnon+QSA) Saudi Arabia has the largest production
capacity and the highest proven reserves.'
Reaction curve for Saudi Arabia
Reaction curve for Other oil producers.
Stackelberg equilibrium
Saudi Arabia
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Figure 5.2: Model Of Output Leader Behaviour.
Q°°
Here, the isoprofit lines for Saudi Arabia indicate the combinations of output levels that
yield constant profits. Saudi Arabia wants to operate at the point on the other producers'
reaction curve where it has the output that yields the largest possible profits. In 1982, OPEC
adopted output rationing, but did not abandon price fixing. However by 1987, Saudi Arabia
had led the other members of OPEC to determine output without specifying a fixed price.
According to Minister Hisham Nazer (1997) within OPEC Saudi Arabia assigns a quantity of
production and other members of OPEC take it as given. This suggests that Saudi Arabia acts
as Stackelberg leader. The model is actually a two-stage model in which Saudi Arabia gets to
move first, before other producers can choose their own optimal level of output. Given
Saudi Arabia's output, the rest of the OPEC producers want to maximise their profit,
price(Q' QopEc) QopEc _ Cost J. According to the Stackelberg leadership model, Saudi
Arabia wants to determine its level of output in anticipation of the response of the other
members.
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The objective function of Saudi Arabia the period 1987-1996, with price no longer set
up by OPEC, and given the factors discussed above is to determine the output level that
maximises its revenue. Therefore, the equation for testing for the period 1987-1996 is as
follows:
QESA = j(Qt00 pf Ail )	 5.4
This model was tested by Griffin (1985), Dahl and Yucel (1991), Al-Turki (1994), Al-
Yousef (1994), Griffin and Neilson (1994), and Gulen (1996) ( See chapter 4 section 4.4).
Both models will be tested using monthly data. The properties of the time series
used will be tested and the econometric procedures which fit in with such properties will
be applied. Price and production data will be discussed in the next chapter and econometric
theoretical procedures in chapter 7. The results of the econometric tests will be explained
in chapter 8.
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NOTES
I OECD Economic Outlook and Energy Policies Program of IEA Countries.
= OECD Economic Outlook and Energy Policies Program of IEA Countries.
'Source: OPEC secretariat.
°In 1994 the proven oil reserve for Saudi Arabia was 261374 (million Barrels ) and the total world was
1042991. Hence Saudi Arabia's proven reserve constitutes more than 25%. Source OPEC Bulletin.
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CHAPTER 6
OIL PRICES AND PRODUCTION DATA
6.1. Introduction
In chapter 5, we specified the two models to be tested. which include four
variables: Saudi Arabia's production Q sA, production of others Q00, P' which is equal to
(pSA pM • ,) where PsA is the Saudi's selling price and P the market price of oil:
The Swing Producer Model
giS4 = f (Q100 ptSM )	 6.1
The Market-Sharing Model
zSA =	 p	 6.2
Equation 6.1 describes the swing producer model which will be tested for the period 1974-
1986. And the second equation 6.2. will be used to test the market-sharing model for the
period 1987-1996. In this chapter, we will investigate the time series to be utilised in
testing the tow models.
There have been fundamental changes in the structure of the world oil market,
which are reflected in the oil price volatility. Consequently, to adopt one price series
would be impossible and a price that takes these changes into account must be found.
While Saudi Arabia at times used the OPEC official price, which is the marker (Arabian
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Light API 34°), at other times it Used netback pricing. In the later period at the study, right
up to the present, Saudi Arabia, has Used formula pricing when it has had to rely on other
oil trading markers such as Dubai, WTI and Brent.' Consequently, issues and concepts
related to the price of oil need to be discussed before a time series to be included in the
model can be constructed.
There are two important issues to be considered in the selection of crude oil price
series. First, crude oil is classified into various types and qualities on the basis of its
specific gravity. Consequently, there are as many prices as there are types of crude.
Associated with this is the fact that there are different price series according to quantity,
location and length of contract for each type of crude oil.
In section 6.2 we introduce the different categories of crude. Then, in section 6.3,
we introduce different concepts of oil prices such as posted prices, Government Selling
prices (GSP), spot prices, netback pricing and the OPEC reference basket. In section 6.4
we discuss the time series to be Used to reflect the production data for Saudi Arabia and
the production of others.
6.2. The Categories of Crude
Crude oil is categorised into light, medium, and heavy and precisely graded on a
specific gravity scale devised by the American Petroleum Institute (API). Crudes rated at
40° and above are very light and those below 22° very heavy.
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The Saudi crudes consist of Arab Extra Light Berri 390 API, Arabian Light 34°
API, Arab Medium 31 0
 API, Arab Heavy 27° API and most recently, Arab Super Light 41°
API. Consequently, there are five price quotes for Saudi oil.
Apart from differences in gravity, an important determinant of the relative worth of
different crudes is their sulfur content, a chemical which is costly to remove during the
refining process. A crude containing a negligible amount of sulfur is termed very sweet;
crude with a sulfur content exceeding 1% by weight is termed sour.
6.3 Structure of Prices
There have been fundamental changes in the structure of the world oil market
which are reflected in prices. There is the posted price which was Used by the oil
companies 1950 up to the mid seventies, the Government Selling Prices, the spot price,
formula prices, which were initially a replacement for the GSP, then there is the recent
development in trading instruments including forward, and future prices.2
6.3.1 Posted Prices
These are the prices, posted by the producers of crude, at which they are prepared to sell.
This system, introduced by exporting companies in the early 1950s, was initially the
companies' fob selling prices for cargo supplied to "arm's-length" customers. After
1960, the posted price was Used only as a tax reference, it was not an actual market price,
because the integrated system of the oil market allowed very little oil to be traded, since
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most of the oil was within the integrated structure of each company. The price of the oil
that was traded could be higher or lower than the posted price.
With the subsequent extension of government control over production, official
government selling prices (GSP) became the focal point of the OPEC pricing system after
1973, while postings (derived from official selling prices) continued to be Used as
reference value to a proportion of exports.
6.3.2 GSP Government Selling Prices 
GSP, the official fob export prices, were formally adopted as a basis for OPEC prices from
October 1973, and the price of Arabian Light API 34° was Used as the OPEC marker,' or
the official price of Saudi Arabia. However other types of OPEC crude had their official
prices which were related to the marker by differentials set by OPEC.
6.3.3 Spot Prices
The disruption of Iran's oil production in 1978-1979 increased the role of the spot market.
Increased uncertainty kept the spot oil market in turmoil. Arabian Light API 34°, which
was selling at around $15/B at the beginning of 1979, reached $30/B by midyear and
nearly $40/B by the end of the year (Table 6.1). The period 1978-1981 was marked by the
growing role of the spot market, resulting in a two-tier price system where spot prices
were running ahead of official prices. Saudi Arabia continued to Use the official price of
OPEC.
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6.3.4 Spot-GSP Relation 
The difficulty of maintaining viable official pricing systems increased considerably from
1982 onwards, with increasing competition from non-OPEC oil supplies and the decline
of demand. Saudi Arabia held on to the official price of OPEC. At the end of 1983, the
non-OPEC supply showed an increase and this caused uncertainty as to whether OPEC
could hold on to the official price. Other non-OPEC producers such as Norway decided
to Use spot prices as a basis for their prices. The importance of spot prices has increased to
reflect the market price of oil.
Table 6.1: Official and Spot Oil Prices of Arabian Light.34°
Year Average Official Price* Average Spot The Difference between the
Official and the Spot Prices
1974 10.77 10.98 -00.21
1975 10.73 10.43 +00.20
1976 11.51 11.63 -00.12
1977 12.40 12.57 -00.17
1978 12.70 12.91 -00.21
1979 17.28 29.19 -11.91
1980 28.67 36.01 -07.34
1981 32.50 34.17 -01.67
1982 33.77 31.76 +02.01
1983 29.04 .28.92 +00.12
1984 28.20 27.70 +00.50
1985 28.00 27.04 +00.96
* Average Official Prices of the Arabian Light (FOB, Ras Tanura).
Source : OPEC Secretariat.
It cannot be said that the official prices of the marker for this period were
representative of the market price. Therefore the spot price of Arabian Light will be Used
for this period to represent the market price while for Saudi Arabia, which maintained
selling at the official OPEC price, the marker will represent the selling price for Saudi
crude until July 1985, when the swing producer role was abandoned and netback pricing
came with Use.
145
6.3.5 Netback Pricing
By July 1985, Saudi Arabia had started selling on a netback basis. Other members
followed suit and prices declined to a low of $8/B in August 1986. The process of
obtaining the netback value for crude, consists of taking a price back from one basis to
another after deducting refining and transportation expenses. For example, the value of
the products refined from crude is netted back through the supply chain by deducting the
importing refiners, agreed profit margins, as well as agreed allowances for the costs of
shipping and refining. Therefore, the value of netback depends on the type of crude Used,
the type of refilling process, and the location of the refmery. (Mabro 1987. p5)
In 1985, Saudi Arabia Used netback pricing where they netted back prices from
product markets4 (in Rotterdam in NW Europe) to the point of loading in Ras Tanura. This
was obtained by the following procedure:
(a)-computation of the product prices from the crude.
(b)-deduction of the cost of refining and refining profit.
(c)-deduction of the cost of transportation to the refinery.
(d)-the value remaining is the netback price for the crude.
The construction of netback price series required information on four elements;
the spot product prices in a particular market; the refinery yields in that market; the running
costs per barrel for the refinery and the transport and insurance costs between the refinery
and the export point of the crude under consideration.' because of these requirements and
the absence of any official agency, there are a multiplicity of estimates.
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6.3.6 OPEC Reference Basket Price
After the oil price collapse of 1986, OPEC decided to set the price of a basket of "Seven
OPEC internationally traded crudes"' at $18/B, supported by an OPEC production ceiling
of 16.6 MMBD and distributed into production quotas. The basket is a tool to obtain the
average export price of OPEC representative crude. The initial intention was to fix the
price to a basket rather than a marker, but the system did not survive long with Saudi
Arabia being the only country selling at the official prices until mid 1987.
The return of the old system with prices at a lower level did not survive long and by
mid 1987, Saudi Arabia and members of OPEC had reverted to market related prices,
where the prices of their crude were tied to a formula linking them to the prices of spot
traded crudes such as Brent, ANS and Dubai.
6.3.7 Market-Related Formula Prices 
The development of forward and futures markets led to important changes in oil pricing
(see appendices 7 and 8). Oil exporters moved to market-related pricing through the Use
of price formula, a method of determining a crude price by relating it to the spot or
forward price of other crude Used as a reference (Horsnell et al 1993). This method was
Used first by Mexico in 1986. In 1987, OPEC and other producers applied this method by
establishing a differential to account for quality together with a freight differential and an
adjustment factor. The adjustment factors change from time to time with market
conditions (Roeber, 1993).
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Saudi Arabia's Pricing Formula: Saudi Arabia started Using a pricing formula, in
October 1987, for Arabian Light, and in December 1987 for other crudes. This formula
was used for crude export to the USA, and in late 1988 to Europe and the Far East. ANS
was used as the reference crude for the USA, and Brent for Europe, Oman and Dubai (and
later Dubai only for the Far East). The crude price in the formula Used "adjustment factor"
to account for quality and "freight differential." For example, Arabian Light formulas for
January 1998 for ex-Aramco partners (Exxon, Mobil, Texaco and Chevron) for deliveries
to the USA, Europe and Far East-on an FOB Saudi Arabia basis, are as follows ($/B):
Table 6.2: Arabian Light Formulas for January 1998 for ex-Aramco Partners for Deliveries
to the USA. Europe and Far East-on an FOB Saudi Arabia Basis.
Adjustment factor Freight Adjustment $/ long tonne
USA -3.15 7.36
Europe -1.55 $7.39
Far East +0.10 None
Source MEES 40.49 December 1997.
The adjustment factor reflects the difference in the Gross Product Worth( GPW)
between the export and the reference, the difference in the freight rate of moving the
reference (e.g. Sullom Voe (for Brent) to Rotterdam and moving the export from Ras
Tanura to the oil consuming region. (This has been set at a fixed level of $7.36 per long ton
for the USA and $7.39 per long ton to Europe since 1990; Hartshorn,1993). The use of
market-related formula pricing enables exporters to set their prices close to those of their
competitors in the place where the crude oil is refined.
This period is also marked by the increasing importance of trading instruments
where financial trading instruments such as forward, and future contracts are used (see
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Appendix 7). Arabian Light is related by formula to other crudes. However since we are
dealing with Saudi oil production, we will be using Arabian Light 34°, the most traded oil
in the world and constituting more than 60 % of the Saudi production. Since Saudi Arabia
has used formula pricing from 1978, so Arabian Light could reflect the market prices.
Therefore this is the reference crude that has been chosen for the price time series used for
analysis.
6.4 The Data
As was mentioned in chapter 5, the two models which will be tested, the swing
producer and the market-sharing require price data. Since there is different price data
available depending on the time period under consideration, one would have to choose the
most appropriate data. set. And after the institution of the quota system, many production
data become available which also require the most accurate to be chosen.
6.4.1 Oil Prices Data
The first time series is the Saudi selling price. Saudi Arabia used the OPEC reference price
for its crude during the period from 1974 to July 1985 and we will be using the OPEC
official price of the Marker (Arabian Light 34°) as the Saudi price p, throughout the
period, while for market price, we will use the Arabian Light spot prices, which started to
be reported in March 1976, the data when we start.
For the period August 1985 to December 1986, Saudi Arabia used the netback price.
The netback price of Arabian Light will be obtained from. The international Crude Oil
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and Product Prices.' For the period January 1987 to July 1987 Saudi Arabia reverted to
the official selling price, so we will be using the official selling price of Arabian Light.
Starting from August 1987, when the price are pegged to Brent (Europe), WTI (North
America) and Dubai/Oman for the Far East. The simple average price of Arabian Light 340
derived from these formulas will be used from Platts assessment. The source of the price
data is the OPEC Secretariat.
Table: 6.3 Crude Oil Prices Data For the Swing Producer Model 
Period Saudi Arabia Selling Oil
Price (PsA)
Market Oil Price (13")
Jan. 1974.- Jul. 1985
Official	 Price	 of	 OPEC
Arabian Light API 34 0
Spot Price Arabian Light
API 34°
Aug.1985-Dec 1986. Crude	 oil	 netback	 values
Basis NW Europe/ARA port
of Shipment
Crude oil netback values
Basis NW Europe/ARA
port of Shipment
Figure 6.1: Saudi Selling and Market Oil Price (1976.3-1994.12)
Real Saudi Price	 .Real Market Price
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For the period 1974-1985, the Arabian Light spot price was the market price used.
For the period August 1985 to June 1987 Saudi Arabia was using netback pricing, so there
was no difference between the selling price and the market price.
Table 6.4: Crude Oil Production Data.
Period Production Data
Jan. 1974	 - Feb. 1982 Direct Communication.
March 1982-Dec. 1996 Average of the six agencies that report oil
production data
Figure 6.2: Saudi Arabia's Crude Oil Production as Reported by OPEC and the Six
Agencies
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6..4.2 Production Data
For this, there is the problem of using different production series when the reporting of
production differs from one source to another (see Figure 6.2). Thus, for the period 1975-
March 1982, with OPEC members reporting to OPEC on the production with no concern
over quotas, direct communication to OPEC can be relied on. In the period from March
1982, the use of quotas led to different methods of reporting by OPEC members. This was
as because some countries were exceeding their quotas by manipulating the production/
domestic consumption system to report lower numbers. In recent years the OPEC
secretariat and the ministerial meetings relied more on production data from six sources
(PIW, Petroleum Argus Reuters, Platt's Oi1gram Price Report, IEA, CGES), taking a
simple average of the estimation of those sources of OPEC members actual production.
We will rely on this data for that period.
Figure 6.3: Saudi Arabia and Other Members of OPEC's Monthly Oil Production
(Thousands Barrel per Day). 
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Notes
' Other pricing instruments such as formulas and forward and future prices, and the different price markets
are discussed in appendices (7 and 8).
2 See appendix 7 and 8 for trading instruments and markets of crudes.
3 In OPEC conference/ December 1974, the Arabian Light API 34°.has chosen to be the marker of OPEC
crudes, where it was Used for setting the price of OPEC crudes. As it continued until December of 1986
when OPEC reference basket prices were chosen instead.
4After transportation to a refinery, either by direct pipeline or by tanker, crude petroleum undergoes its
downstream transformation into a wide variety of Hydrocarbon products which are separated into light,
middle, and heavy cuts. After further processing these fractions yield petroleum gases, gasoline, naphtha,
gas oil ( diesel fuel and higher grade heating fuel), kerosene and heavy fuel oils.
5 The price relationship between crude and its products depends on the technical characteristics of the crude
feedstocks, the configuration of the individual refinery and geographical and seasonal differences between
the markets it is supplying.
'The seven crudes in OPEC reference basket are the Algerian Sahara 44, the Indonesian Minas 33, Nigerian
Bonny Light 30, the Saudi Arabian Light 34, UAE's Dubai 32, Venezuela T.J 32, and isthmus 32.
'International Crude Oil and Product Prices. July 1996. Prepared by F. R. Parra Associates in cooperation
with Middle East Economic Survey.
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First, y = a + 13t + ut is an example of a non-stationary process where (a+ 130 is
a deterministic trend and ut is stationary. y, is said to be trend stationary, that is, stationary
around a trend, i.e. its deviation from the deterministic trend is stationary.
Second, y t= 13+ py,_, +u, has a non-zero intercept: if p =1 it gives a random walk
process with drift. Or yt= py,_, +u, , if p =1 gives a random walk without drift. If p =1,
y, will follow a stochastic trend in that it will drift upwards or downwards depending on the
sign of P. This can be stationary by taking the first difference, and y, is referred to as a
difference stationary.
The two models differ because the first detrending one will produce a variable that is
stationary (TS), and it is called "a trend stationary" model, while the second model will
not. It will achieve sationarity through differencing so it is called "a difference stationary"
model (DS), Harvey (1990) and (Davidson and MacKinnon (1993).
Trends in the data lead to spurious relationships (see , Newbold and Davis (1978)
and Granger and Newbold (1986)) where the statistical inference (based on t- and F-tests)
leads to a rejection of the null hypothesis of no-relationship, and gives support to the
economic theory. Thus, there is a chance of falsely concluding that a relationship exists
between two unrelated non-stationary series. Moreover, the use of differenced variables
will avoid the problem of spurious regression. It will also remove any long-run
information. (see, Davidson, Hendry, Srb, and Yoo. DHSY 1978).
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Unit Roots and Stationarity: Starting with a very simple data generating process (DGP),
suppose that a variable y, is generated by the following (first-order auto-regressive )
process:
yt = py t _ t + u,	 p<1 7.1
or	 (1 — pL)y, = ut
ut is a white noise error process (mean is zero (E(u)=0)) and constant variance
E(u2)= o-2 . L is the lag operator such that Ly, = y while L2 y, = y Formatting a
characteristic equation (i.e., (1-pz)=0); if the roots of this equation are all greater than unity
then y is stationary. In equation 7.1 there is only one root (z=1/p) thus stationarity requires
Il which is less than one. If p =1 then y will be non-stationary. A stationary series
tends to return to its mean value and fluctuate around it with a finite variance, while a non-
stationary series has different means and its variance increases with sample size. Thus,
stationarity requires that 1p1<1.
This simple time series model can be extended to let y depend on past values To
extend 7.1 is to let y depend on past values up to a length of, say, k.
Yt = PYt-i P2Yt-2 ±. --+PkYt-k ut	 7.2
Or	 A(L)y, — ut
where A(L) is the polynomial lag operator:
1 — 1;1, — p i L2 —	 —p k 1.!`	 7.3
7.3 is described as the le order auto-regressive (AR) model. An alternative way of
capturing the dependence of y, on its past is by a moving average model. The first order
moving average (MA) process is defined by
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y, = u, + Ou,_,
	
161 < 1	 7.4
or a model with past values up to lag length of q:
y, = u, +
or	 y, = B(L)u,
Where B(L) is the polynomial lag operator 1— 0 1 L — 0 1 L2 —	 —0 Lc'
By combining the two models what is known as the auto-regressive-moving
average (ARMA) process is obtained:
Yt = PYt-i P2Yt-2±.---+PkYt-k + u, + u, + Ou,_, +....0qku,_q 	 7.5
This represents the most flexible class of models for univariate time series which
can be extended to multivariate time series. If y is a vector of observation, it may be
modelled on its own past by a multivariate, or vector, ARIMA process (Box and Jenkins
1976); also Box, Jenkins and Reinsel 1994).
Yt (1)yt-1 c1)2Yt-2±.—±OkYt-k + u, + eu,_, +....0qku,_q 	 7.6
The parameters are now contained within the square matrices, o l,.. (rok , e l , ....eq while u, is
a vector of random disturbances.
A pure auto-regressive process	 Yt =	 02Yt-2+..--±(1)kYt-k	 isut	 the
easiest model to handle. It is usually known as a vector auto-regressive, and abbreviated as
VAR.
Before any regression analysis can be performed, it is essential to transform the
non-stationary time series into a stationary one through differencing. However, the
problem with differencing the data is that the long-run information is lost, that is, the
long-run relationship cannot be recovered from an estimated model. Hendry and Mizon
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(1978) and DHSY (1978), formalising the similar work of Sargan (1964), viewed the auto-
correlation residual as providing valuable information about the behaviour of the
dependent variable. This led to the development of the co-integration concept and the
ECM model.
7.3 Testing for Unit Roots and Stationarity
Several tests were suggested to test the null hypothesis that a series does contain a
unit root as against the alternative of stationarity, the Dickey-Fuller (DF) approach, the
Sargan-Bhargava (1983) CRDW-test, based on usual Durbin- Watson statistic, and a non-
paremetric test which is based on Philip (1987), Philip and Perron (1988).
Prior to the above tests, examinations of stationarity were done through the
estimation of the auto-correlation function (ACF) following the work of Box and Jenkins
(1976). If the ACF dies off and reaches zero quickly, it means the series is stationary. The
problem with this approach is that it is highly subjective and not based on formal testing.
The most popular tests for unit root will be reviewed here; the formal test of Dickey
Fuller (DF) and ADF for the presence of unit roots and the Philip and Perron Z-test, when
structural break is present in the time series.
7.3.1 The Dickey Fuller Test
The simplest form of the DF test is to estimate
Yt =P
	
or	 Ay, =(P-1)
 Yt-1 ut	 with ut a white noise.
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If p=1 or (p-1)=8=0, y, is stationary and we can apply standard statistical procedures
to estimate and test the hypothesis involved in regression containing stationary variables.
If p =1, (p<l), 5<0, y, is said to have a unit root and is non-stationary. The distribution of
the t-test statistic is not the standard t-distribution, rather it is skewed to the left. Critical
values of the DF test were estimated via a Monte Carlo study by Dickey and tabulated in
Fuller (1996, p. 641) and Mackinnon (1991)
If u, does not have the usual assumption ( e.g. autocorrelated ), Dickey and Fuller
(1979) suggested adding lagged dependent variable values to ensure that the error term is
white noise. In this case, the equation to be estimated becomes:
Ayt = 8 0 ± 81yt-1±
	 7.7
i=i
This version of the test is called the Augmented Dickey-Fuller test (ADF). The ADF
has the same distribution as the DF test. The null and alternatives are the same as before,
that is, H0 : 5=0 verses HA : 5 <0
Several extensions and modifications have been proposed to the ADF test. For
example, Dickey and Fuller (1979, 1981) provided an empirical distribution when a
random variable has deterministic and/or stochastic trends (Harvey, 1990, Harris, 1995)
where the test equation becomes
Ay, = 6 0 + 5 1 1.	 + Ey iAy + u, 7.8
i=1
It is also important to select the appropriate lag-length; too few lags may result in over
rejecting the null when it is true, while too many lags may reduce the power of the test.
Banerjee et al.(1993) favour a general parameterisation, instead of using a few lags which
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implies some remaining autocorrelation. It has been suggested that model selection
procedures be used, that is, tested to see if the additional lag is significant in them.
However, the increase of R2 was shown, in Harrie (1992) to be unsatisfactory, and instead
it was suggested that the formula suggested by Schwert (1989) be used, which is
consistent with Banerjee et al (1993).
7.3.2 Structural Change and Unit Roots 
The other means of obtaining unit root test statistics is to use the non-parametric unit root
tests of Phillips (1987) and Phillips and Perron (1988). They argued that the wide spread of
evidence of unit roots in the univaritate representation of time series may be due to the
presence of important structural changes in the trend function; see Perron (1989) (1994).
Perron argued that if there is a break in the deterministic trend 8, then unit root tests will
lead to the misleading conclusion that there is a unit root, when in fact there is not. Phillips
and Perron argued that the presence of structural changes might affect the result of the unit
root test. Following the approach of Dickey and Fuller (1979) and extended by Said and
Dickey (1984), using simple autoregressions that are appropriately augmented with trend
and dummy components which take into account the break in the series, Perron (1989)
derived a conditional test, with a given known break point. This assumption of known
break data (treating it as an exogenous event) raised the problem of pre-testing regarding
the choice of break date. After Perron several methods have been developed for
endogenising the choice of a break point into the testing procedures. (See Zivote and
Andrews (1992) Banerjee et al (1993), Perron and Vogelsang (1992). For more reviews of
other tests see Maddala and Kim (1996)). However, in practice, there is a lot of prior
methodology available for use. For instance, major events during the testing period such as
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war or supply interruptions occur during the time of the study. Therefore, the Phillips
and Perron test will be used to test for stationarity in addition to Dickey and Fuller Tests.
7.4.Cointegration
The economic interpretation of cointegration is that if two (or more) series are
linked to form an equilibrium relationship in the long-run, then even though the series
themselves may contain a stochastic trend (i.e. be non-stationary) they will nevertheless
move closely together over time and the difference between them will be stable (i.e.
stationary) (Harris 1995). This means that their relationship is a long-run equilibrium
which in an economic system converges over time, and the disturbance can be interpreted
as the dis-equilibrium error or the deviation from the long-run path.
7.4.1 Order of Integration
If a series must be differenced d times before it becomes stationary, then it contains d unit
roots and is said to be integrated of order d, denoted I(d). If two time series y, and xt,
which are both I(d) the difference between them (y, -13)0 is varying randomly around some
fixed level, with a fixed variance. For example, if two series say are both 41), the
difference between them might be stable around a fixed mean. The implication would be
that the series are drifting upward roughly at the same rate. Two series that satisfy this
requirement are said to be cointegrated. It can be defined such that time series x and y are
said to be cointgrated in the order of d,b and there exists a vector such that
flk — I (d-b), b>0.
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Thus if a set of I(d) variables yields a linear combination that has a lower order of
integration (d-b <d) for b>0, then the vector [1, -13] is the cointegrated vector.
7.4.2 Error Correction Mechanism (ECM)
We can distinguish the long-run relationship between y, and x„ that is the manner in which
the two variables drift upward together, from short-run dynamics that is the relationship
between the deviations of y, from its long-run trend and the deviation of x, from its long-
run trend. (see Engle and Granger 1987)).
Engle and Granger (1987) showed in their Granger representation theorem, that, if
two time series x and y are cointegrated, the short-term disequilibrium relationship
between them can always be expressed in the error correction form:
Ay, = lagged (Ay„ Ax, ) —?u 11 + s	 0<k<1
where u, is the disequilibrium error or the extent of departure from the long-run
relationship, and X, is a short-run adjustment parameter.
To show an ECM we can use a very simple dynamic model (with lags p=q-1) of
short-run adjustment:
Yt = 7o + Yix + 72ixt-i + aYt-i +u 	 7.9
where u, is a white noise residual, u,--IN(0,a2). In the solution suggested by Engle and
Granger (1987), it is shown that if y, and x, are cointegrated CI(1.1), then there must exist
an ECM where instead of using the first difference, which might lead to the removal of
information on the long-run from the model, adopting the error-correction (ECM)
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formation of the dynamic model, rearranging and reparameterising the short-run equation
would give:
= 70 +Yi Ax ,	 —Pixt-i)+ Et
By defining a new parameter p i = (y 1 +72)/a . and 13 0=y0/X. as a second parameter.
AYt = vAxt-1 X (Yt-1 — Po — P1 xt-1) ± Et
This differs from the long-run relationship model where it includes the term in parentheses
which indicates the disequilibrium error from period t-1.
Assuming that x and y, are cointegrated the ECM model incorporates both the short-
run and long-run effects, where the term [y,_, -13 0 -13 1 x,_ 1 ] measures the distance the
system is away from the equilibrium, and the coefficient h ,
 ] is an estimate of information
on the speed of adjustments, that is, how the variable y changes in response to
disequilibrium. (see Engle and Granger, (1978), Banerjee, al. (1993) and Hendry (1995).
This allows for any previous disequilibrium in the levels of x and y where the value of y is
in fact being corrected for any previous disequilibrium or error. The parameter 13, is the
long-run elasticity of y with respect to x. While 7, appears in the short-run as
disequilibrium (equation 7.5) relationships, it clearly reflects the immediate response of y
to a change in x. It is therefore the short-run elasticity. Another advantage of the ECM is
that all the terms in the model are stationary so standard regression techniques are valid.
And a further advantage is that an ECM representation of disequilibrium relationship will
always reduce problems of multicollinearity. According to Banerjee et al. (1993) the
correlation between any two variables in an ECM are virtually zero (see Thomas (1997) p.
388) for more detailed explanation of the advantage of the ECM.
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The ECM can be applied to a more complicated dynamic process, where additional
lag-length p and or q is added, the ECM will be generalized as:
a(L)Ay, = B(1)&x, — (1— ,u)Ly — A — Axi _ p j+u,	 7.10
where A(L), B(L) is the polynomial lag operators
A(L) =1— a l L+ a2L2+....apLP
B(L)= 1— yi L + y2L2+...rpff
and ,u = (a l + a2+...+ap).
The ECM can be specified in multivariate form, allowing for a set of cointegration
vectors. This will be discussed later in this chapter.
7.4.3 Cointegration and Granger-Causalitv 
The cointegration technique, by Engle and Granger (1987), Hendry (1986) and Granger
(1986), made a significant contribution towards testing Granger-Causality. According to
this technique, if two variables are cointegrated, the finding of no-causality in either
direction (one of the possibilities with the standard Granger (1969) and Sims (1972) tests)
is ruled out. As long as the two variables have a common trend, causality (in Granger
sense, not in the structural sense) must exist in at least one direction, either unidirectional
or bi-directional (Granger, 1986 1988).
However, although cointegration does indicate the presence or absence of Granger-
Causality, it does not indicate the direction of causality between variables. This direction
of the Granger Causality can be detected through the vector error correction model
(VECM) derived from the long-run cointegrating vectors (See Masih et al (1996). The
Granger Causality (or endogeneity of the dependent variables) can be evidenced either
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through the statistical significance of the t-test of the lagged error-correction term(s), or the
F-test applied to the joint significance of the sum of the lags of such explanatory variables.
The non-significance of both, the t-test as well as the F-test, in the VECM indicates
econometric exogeneity of the dependent variable (Masih et al (1996)
7.5 Seasonality
When observations are available on a monthly or quarterly basis, some allowance
must be made for seasonal effects, since variables might exhibit strong seasonal patterns
which account for a major part of the total variation in the data and which are therefore
important in modelling time series.
7.5.1 Definition of Seasonality 
The concept of seasonal time series depends on a definition of seasonality. This
definition may vary according to the various approaches to modelling seasonality
(Hylleberg 1992), see also Hylleberg 1986). The simplest definition of seasonality is the
deterministic seasonal dummy definition,
y, = Easd s, + st	 7.11
s=i
where d is the dummy for season s, a is the mean value of x, in season s, S is the
number of seasons (4 for quarterly and 12 for monthly data) s is a stationary stochastic
process. This definition of seasonality is that, although part of the seasonal fluctuations
can be approximately deterministic because of, say, calendar and weather effects, some
part of the seasonal fluctuations may be caused by the behaviour of economic agents
(Stochastic).
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The second definition of seasonality involves the presence of seasonal unit roots.
The most common specification is
Yt = Yt-12 gt
	 7.12
If economic time series are characterised by seasonal unit roots, then estimation of
models such as yi Eascl: +6; provides spurious results.
s= 1
The third definition of seasonality is stationary, stochastic seasonality
Yt = PYt-s 6t	 < 1
	
7.13
= st ± 061-s
where s is the number of seasons. These series are not seasonal in the sense of
seasonal dummy process because their means do not differ across seasons (Mironl 994)
7.5.2 Test for Seasonality
A test for seasonality can be obtained by plotting the time series to see if there are any
seasonal fluctuations, in order to obtain the amount of seasonal variation. Franses1996a,
1996b) suggested the method used by Miron (1994) as a tentative approach to the test of
seasonality. This method amounts to the regression of the first order difference variables on
12 seasonal dummies for monthly data.
lYt	 5 I D It 8 12 D2t 5 3 D 3t +' • • •5121D12t
where u is some error process. By using R.2 for the regression and the estimate of the
coefficient 5, and by assuming the filter A i is sufficient to remove the trend from the time
series, and that the seasonal dummies are sufficient to describe seasonality, the estimated
R2 value tentatively indicates the amount of variation in y accounted for by seasonality.
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There exist many arguments for expecting a varying and changing seasonal
component, but the important question is concerned with the degree of variation. A
parsimonious model which depicts a constant deterministic seasonal pattern may be
depicted as a model with unit roots, i. e. a model which allows for integration at seasonal
frequencies.
Box and Jenkins (1970) used differencing to remove seasonal components, such as,
using the fourth difference transformation, v4f = (1— L4 )37, to remove the seasonal
components from the quarterly data, or the twelfth difference y 2
 
= (1- 1,'2)yt where L
is the lag operator. This differencing is in addition to the first difference, 1-L in the
stationary process phase of the procedure.
When the seasonal component of a time series is deterministic i.e. very regular, the
transformation will be regular too, but in case of varying and changing seasonal patterns
the transformation will show some variation. This variation in seasonal patterns is an
indication of the existence of unit roots, which indicates the need for a test of the
existence of such unit roots.
Testing for seasonal unit roots is discussed by Hasza and Fuller (1982), Dickey,
Hasza, and Fuller (1984), Engle, Granger and Hallman (1988), Hylleberg, Engle, Granger,
and Yoo (1990), Engle, Granger, Hylleberg and Lee (1993). Franses et al (1997). The
simplest test which was suggested by Dickey, Hasza and Fuller (1984) and modified by
Osborn et al (1988), denoted by DHF, hereafter describing the test strategy, considered a
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stochastic seasonality process generated by, 	 yt = (i),Yt-s ut Such a process may
exhibit a seasonal pattern which changes over time. If we start with seasonal difference
= E0 i . A sy t _ i +u 7.14
1=1
use the OLS estimates of 0, 02 	 Ok to construct the variable z from Yt Yt-t Yt-k
Zt = yt Lei.yt-1	 7.15
i=1
and substitute the lagged value of z into the regression equation
AsYt = Ozt-s	 + St	 7.16
1=1
then, based on the t-statistic for the OLS estimate the parameter is 5 . The critical values for
the test are given in Dickey, Hasza and Fuller (1984). If the estimate of 5 is significantly
negative, the null hypothesis of the existence of seasonally integrated process may be
rejected. If the null hypothesis is not rejected, it is usual to consider the order of non
seasonal integration.
Hylleberg, Engle, Granger and Yoo (1990), hereafter termed the HEGY test
developed procedures for determining whether a series is characterised by deterministic,
seasonal or unit roots at seasonal frequencies (see also Banerjee et al (1993) ). This can be
expressed by using the lag operator Lyy,, and Li y, = y,_ where a seasonal difference
may be written as (1-L) y. The HEGY tests for quarterly data use the representation:
4	 4
	
4Yt = E a i D it +EPiY1,t-1 -F E(Pi A 4Yt-i E t	 7.17
i=1	 i=1	 i=1
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where k is the number of lagged terms included, D i, is e the seasonal dummy variables, and
the Y variables are constructed from the series on y as: Y 4, = (1-L4)x , where L is the
lag operator. The lag polynomium 1-L can be written as
(1-L)(1+L)(1+L2) (1-L)(1+L)(1+L2)=(1-L)(1+L)(1-iL )(1+iL), 	 where i2 = -1
To test the null hypothesis of I (1,1), that is if the series is stationary after the first
period of differencing, against the alternative I(1,0) and 40,1. If 13 1 <0 and 13 2=0). This
implies accepting the alternative hypothesis 40,1); while if 132 <0 and 13 1=0 then accept
I(1,0) the critical values of these tests are provided in Hylleberg et al (1990). Beaulieu
and Miron (1993) review HEGY to derive its mechanics and the asymptotic distribution of
its statistics in the case of monthly data rather than quarterly data. Critical values are
published in Hylleberg et al (1990) (for quarterly data), Beaulieu et al (1993) for monthly
data and Franses et al (1997) for monthly and quarterly data.
According to Miron (1994) there are many ways one can model seasonal patterns as
evolving through time without resorting to the seasonal unit roots hypothesis. His results
indicate that the seasonal pattern is best described by seasonal dummies. Hatanka (1996)
doubted the modelling of seasonal variation by unit roots because the deviations of
seasonal fluctuations from the deterministic periodicity are bounded at any time, and the
complex unit roots are inappropriate to model the deviations (see Hatanka 1996 p. 15).
Therefore, if there is a seasonality in the time series, there is no need to model unit roots
seasonality, and we can use seasonal dummies to model the seasonal effect where the
seasonal dummy coefficient can account for the variation resulting from seasonal factors.
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7.6 Testing for Cointegration 
There are many tests for cointegration, such as the two-step method, introduced by
Engle-Granger (1987) which used least squares estimation. Engle and Yoo (1987) discuss a
cointegration test with more than two variables, and Stock and Watson (1988) present tests
for multiple cointegrating vectors. Johansen (1988,1991,1996) and Johansen and Juselius
(1992) developed a maximum likelihood approach to estimate and test for multiple
cointegrating vectors.
In estimating the cointegrating vector, the two most widely used methods are the
Engle and Granger two step estimator and the. Johansen (1988,1991,1996) and Johansen
and Juselius (1992)) maximum likelihood estimator.
7.6.1 The Engle and Granger Two-Step Procedures (EG) 
With the long-run relationship yt
 = I3xt + ut the cointegration regression is estimated by
OLS. The residual can be used to test for cointegration. To do this we test the null
hypothesis of 8 =1 in the following equation
u, = 8u,_ 1 +	 where is white noise.
If x, and y, are cointegrated, it implies u should be I(0). EG used the ADF test using
critical values that were published by Engle and Granger (1987). If the ADF test indicates
stationarity of the OLS residuals u, which means that cointeg,ration of y and x of order (1,1)
with the cointegrating vector [1 , -13] can be positively accepted, we can estimate the
short-run model with an error correction mechanism: Ay, = Or.AX, + A,(Y —	 + v.
The test is popular because of its simplicity since it depends on estimating the static model
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by OLS and then performing unit root tests on the residuals from the equation before
estimating the short-run ECM itself, using the estimates of disequlibrium (u, ) to obtain
information on the speed of adjustments to equilibrium.
However, the EG test can be criticised; First, because it doesn't estimate the long-
run relationship. Second, it is possible to have a mixture of different order series when
there are three or more series in the model. As Pegan and Wickens (1989) point out, if
y—I(1), x—I(2) and z—I(2) then we can find a cointegrating relationship between x and z
such that v t = xt — kz t —(1), and then v can be potentially cointegrated with y to obtain
w, = (y, — )—I(0), Thus, if there are n>2 variables in the model, there can be more than
one cointegrating vector, it is possible for up to n-1 linearly independent cointegrating
vectors to exist, and this has implications for testing and estimating cointegrating
relationships.
7.6.2 Cointegration in Multivariate Systems 
When extending the analysis of cointegration to more than two variables, several
procedures have been suggested to estimate and test the multivariate cointegrating model.
A recent survey and/or comparison of these procedures can be found in, Perman, (1991),
the Oxford Bulletin of Economics and Statistics (August, 1991) Dolado el al (1990),
Campbell and Perron (1991), Gonzalo (1994), Holden and Perman (1994) and Hargreaves,
(1994). Where it is based on Monte Carlo evidence, it has been found that the maximum
likelihood procedures of estimating the multivariate cointegration widely use Johansen
(1988,1991,1996) and Johansen and Juselius (1992)) which are the most powerful among
the alternative procedures.
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7.6.3 The Johansen Approach: 
If the single equation ECM is extended to a multivariate framework by defining a vector z
=	 LY1t,Y2t,xj and allowing all three variables (n=3)in z to be potentially endogenous,
and model z is an unrestricted vector autoregression (VAR) involving up to k-lags of z
then:
z, = At z,_, 
	 ±4zr-k
	 u-IN(0,E)
This can be reformulated into a vector error-correction (VECM) form:
Az, =ri Az1-1 	 4- 1-k-14-k+I ±nz,-k +Ur
+ —(I —	 ), (i = 1,	 k —1),
n = —(I — Al—,....—Ak)
This method of specifying the system contains information on both the short and the long-
run adjustment to changes in z, where the II matrix contains information on the long-run
relationships; II=a13' where a represents the speed of adjustment to disequilibrium, while
13 is a matrix of long-run coefficients. The term 13'z embodied in ri 1; represents (n-1)
cointegrating'relationships in the multivariate model, which ensures that the z converges to
their long-run steady state solution.
Johansen (1988,1991,1996) and Johansen and Juselius (1992)) focused their attention
on the II matrix and, in particular, on its rank. Three situations now arise related to the rank
of FL Firstly, if II has a full rank equal to n, then it can be shown that z must be
stationary. If the rank of II is zero, then II is a null matrix and there is no cointegation. If
the rank of n is equal to r<n then II can be written as the product of two matrices, a and
[3, i.e. fl ar where the cointegrating space is defined by 13 and the adjustment factors are
11. 21 13 31 -- 13 3
-131213221332
y
_ it-i
Y2t-I111-12]
u3
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defined by a. To illustrate, if we set the lag length in the above equation to k=2 and write
out the model as follows:
r Ay1 1 	 FAY	 ranal2
L AY2ti = 1-1[M2 t-1 ilazia22
Axt-1
	
OC 31a32
Matrix p is the long-run relationships coefficients. It is the co-integrating matrix
which has the property that although ; is 41), rz, is I(0); that is, 13 1; is stationary. The
columns of p are co-integrating vectors. In a VAR model with n variables, there can be at
most n-1 co-integrating vectors. Note that when r<n it is a multivariate generalisation of the
Engle and Granger (1987) two step procedures discussed above, and the term 13'41 is
equivalent to ( y t_ 1 — 3x_1) except that it contains up to (n-1) vectors in multivariate.
The Johansen procedures provide techniques for determining the number of co-
integrating vectors, r; estimating all possible co-integrating vectors, f3; and a set of error
correction coefficients, a.
The basic steps to apply the Johansen procedures are: 
1. Test the order of integration of each variable that enters the multivariate model, using
the Augmented Dickey Fuller Test with a constant and time trend.
2. Test if the model includes seasonal dummies as explained above.
3. Test for dummy variable to take account of short-run shocks to the system, such as
policy interventions.
4. Specify if the model includes intercept and time trend, and test for it by restricting the
intercept in the long-run model to account for the unit measurement of the variables in
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zt. (See Hansen and Juselius, 1994 for detailed description of the methods). If there is
some long-run linear growth which the model cannot account for, to test for it, the
value of the time trend coefficient should be restricted to being equal to zero and the
cointegration space should include time as a trend-stationary variable to take account of
unknown exogenous growth.
5. VAR specification: lag length determination. In determining the lag length, it is
important to avoid too many lags which allow the presence of many parameters. One
should also set the appropriate lag length of the VAR model in order to ensure Gussian
error terms in the VECM. The lag length determination can be classified into two
criteria (LutIcepohl 1993, p.125), one is to choose the p that minimize some criterion
function of p, this can be done through Akailca information proposed by Akaika (1973)
and Schwarz information criterion proposed in Schwarz (1987). Another way is to use
the general to specific method where we start with large lag length, by using the
likelihood ratio statistic, check the residuals to test that the coefficient to the largest lag
is zero (see Hatanaka 1996 p. 229). This can be done by plotting the autocorrelation
and cross-correlation functions for the individual residual series to see if there are any
residual autocorrelations and look at the summary test statistics for autocorrelation.
6. Testing for the number of cointegrating vectors. This is done by testing for reduced
rank, finding the presence of r (n-1) cointegrating vectors in 13, which means finding
the number of r linearly independent columns in II . The Johansen approach uses a
reduced rank regression which provides n eigenvalues 2n1 > 2%-2	 Xp and their
corresponding eigenvectors. Thus to test the null hypothesis that there are at most r
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cointegration vectors (and thus (n-r) unit roots) amounts to: H o : = 0 i=r+1,...,n
where only the first r eigenvalues are non-zero. Using the likelihood ratio test (the
trace statistic):
k trace = —21og(Q) —T E 1og(1 —	 r=0,1,2...,n-2,n-1
= r +1
where Q= restricted likelihood divided by unrestricted maximized likelihood. Another
test of the significance of the largest X, is the so-called maximal eigenvalue or (X-max-
statistic):
Xma. = —T log(1 — ir+1)
Critical values are those used in Microfit 4. For more dissuacus of these critical values
see Pesaran (1997).
7. Estimates and inference for the parameters of the cointegrating vectors. First impose
restrictions to test the hypothesis concerning the cointegrating space of the vectors.
Having determined how many cointegration vectors there are, it is now necessary to
consider whether these are unique and consequently whether they tell us anything about
the structural economic relationships underlying the long-run model. This can be done
by placing restrictions motivated by economic arguments (e.g. that some of the 13 0 are
zero or that homogeneity restrictions are needed such as 	 =P23 ) and then testing
whether the columns of 13 are identified by using the LR test, which is based on the x2
distribution with (r X (n-s) degrees of freedom.
8. Estimates and inference for the adjustment coefficients. The term in non-zero columns
of all represents the speed at which the dependent variable An, in the first equation of
the VECM, adjusts towards the single long-run relationship.
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[1311 YU- 1 + 13 2137 11-1 +1331 Xlt-1]
while a21 represents the speed at which Ay2, adjusts and a21 shows how fast Ax,
responds to the disequilibrium changes represented by the cointegration vector. If
a21 =-0 it means that x is a weakly exogenous variable and not included in the short-run
but included in the long-run.
7.7 Conclusion
Many economic time series appear to be integrated of order one. When regressing the
levels of such series and using the standard econometric procedures, this would lead to
spurious relationships. The classical approach in dealing with integrated variables, especially
in the time series literature, has been to difference them as many times as needed to make
them stationary. The problem with this approach is that differencing leads to the loss of
information about the long-run relationship. A second approach to estimating the
cointegrating vector is the use of EG procedures. However, there are drawbacks with this
approach including the problem of an inability to validly estimate the long-run relationships
between the variables when there are more than two, and the inefficiency in estimating a
single equation.
There has been a good deal of empirical work done involving cointegration tests and
the estimation of models for cointegration variables in dealing with multivariate systems (see
Culter et al. 1997) and Lin et al 1997). Cointegration analysis in the form which has been
used until now do not take account of what the theory may predict concerning short-run
dynamics, on the grounds that theory is concerned with long-run behavior only (see
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Pesaran 1997). To investigate the short-run effects we can model them within an
unrestricted VAR framework. With the structure and the dynamics of the oil market, the
behaviour of participants could be modelled through ECM to predict the short-run
behaviour which might then be used to predict the theory.
For testing the long-run cointegrating relations, the Johansen estimation method
based on the error correction representation of the vector auto-regressive (VAR) model will
be used as suggested by Johansen (1988,1991,1996) and Johansen and Juselius (1992)) to
estimate the equilibrium relationship between the relevant variables.
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CHAPTER 8
EMPIRICAL ANALYSIS
8.1 Introduction
In this chapter, a description of the data used in the study is presented followed by
the results of the empirical estimations and tests. In section 3 tests of unit roots are presented.
Section 4 gives empirical evidence from the Johansen procedure of cointegration. Section 5
shows the results of testing alternative market-sharing models and the relevancy of price in
production decisions.
8.2 Variables of the Study
The variables of the study are Saudi's monthly crude oil production QsA, other OPEC
members' production Q°°, the Saudi selling price P sA and the market oil price Pm.
,
The period of the study witnessed changes in the world oil market in terms of oil
supply interruptions as well as structural changes which have affected the production profiles
(chapter 4). The oil market can be divided into different sub-periods with dummy variables
used to indicate sub-periods along the lines discussed in chapter 4. We divide the data into
two periods:
D1---1 for 1978.11 - 1982.02, 	 1990.8-1991.2
Dt=0, for 1976.3 - 1978.10,	 1982.03 - 1990.7, 1991.3 - 1995.8.
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The dummy variables are designed to account for the upset of unexpected political events on
the oil market. The Iranian revolution occurred in October of 1978. The Iranian oil supply
interruption was followed by a substantial increase in spot oil prices. Also, the start of the
Iraq/Iran War in October 1980 caused a sharp increase in oil spot prices. By March 1982,
the influence of such events was diminished. In August 1990, Kuwait was invaded by Iraq
leading to the Gulf war in January 1991 which continued until the end of February 1991.
8.3 Descriptive Statistics
Tables 8.1 and 8.2 show descriptive statistics of Saudi oil production, production of
other members of OPEC and market oil prices, Table 8.1, covers the period from 1976.3 to
1986.12 and Table 8.2 covers the period 1987.1 to 1997.5.
Table 8.1: Descriptive Statistics for the Variables of the Study for the Period 1976:3 to
1986:12
Mean SD Minimum Maximum
Saudi production	 ' 7259.30 2421.5 2340.0 10533.3
Other members 16147.0 4435.1 10408.7I 24978.3
Nominal Saudi Selling Price 22.73 08.76 08.99 34.00
Nominal Market Price 24.44 09.53 08.99 41.31
Difference -01.71 04.86 -20.00 -5.53
Table 8.2: Descriptive Statistics for the Variables of the Study for the period 1987:to 1997.5 
Mean SD Minimum Maximum
Saudi production 7032..3 1626.0 3277.50 8664.2
Other members of OPEC 15943.93 1648.36 11327.50 19014.50
Price 17.36 3.63 11.92 34.56
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8.4 Testing the Properties of the Time Series
The three time series to be considered here are; the log of the monthly crude oil
production for Saudi Arabia QSA, log of the production for other members of OPEC Q°°, and
log of the market price Pm; observed from 1974-1997.
Table 8.3: Estimation Results from the Regression AyffS,D 1. +8, D2.,_:_h_33 Da.
+80) s+8, D6. +5 7D7 +8_1)_+89 D9 +8 10Dio.
 +511D11.:+512--D12.s where D (s= 1,2,3..12)
are Seasonal Dummies.
Sample R2 5 1 52 53 54 55 56 67 N N 510 511 512
lnQsA 76-97 0.13 -.07 .01 -.04 .01 .03 .03 .03 .01 .01 .04 .01 .01
76-86 0.16 -.06 .01 -.04 .00 .05 .04 .03 .03 .00 .05 .01 -.00
87-97 0.18 -.06 .00 -.02 .01 .00 .01 .01 .02 .03 .02 .01 .02
lnQ' 76-97 0.11 -.05 .01 .00 .00 .01 .01 .00 .00 .01 .01 .01 .00
76-86 0.19 -.07 .01 .00 .01 .01 .01 .01 .00 .02 .01 .01 .00
87-97 0.06 -.02 .00 .00 .00 .00 .00 .01 .00 .00 .00. .00 .00
In?" 76-97 0.06 -.01 .01 -.03 .01 -02 -00 .03 .01 .02 .01 .02 -.02
76-86 0.08 -.02 .01 -.02 .00 .02 .00 -02 .01 .00 .02 .02 -02
87-97 0.07 .00 .00 -.03 .00 .01 .00 .02 .02 .02 .01 .02 -.04
To obtain a first and tentative impression of the amount of seasonal variation, Franses
(1996) suggested the use of the approach advocated in Miron (1994). The method amounts
to the regression of the first order difference variables on the 12 seasonal dummies
=	 +82D2, 83D3,	 +812D12r +11/
	 8.1
where ui is some error process. By using R 2 for the regression and the estimate of the
coefficient 6 /, assuming the filter .69 is sufficient to remove the stochastic trend from the
time series, and that the seasonal dummies are sufficient to describe seasonality. These
assumptions may be debatable (see e.g., Hylleberg et al 1993), therefore I follow the
suggestion of Franses (1996,b) concerning the use of a tentative model framework that can
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give some indication of the amount of seasonal variation in a monthly time series. Franses
used R2 and divided the sample to sub-samples and compared the estimates of the
coefficients 8.
The estimated R2
 value tentatively indicates the amount of variation in time series
accounted for by seasonality (see Table 8.3). For the three time series, R2
 ranges from 6% to
about 19% which indicates that the seasonality effect is too small. Further tentative
observations from the results for the coefficients 8; , show that 8; seems constant over
time. So we conclude that the time series does not have any deterministic seasonality.
The rejection of the presence of deterministic seasonal effect does not mean there is no
presence of non-stationary stochastic seasonality due to seasonal unit roots. It is the 'non-
stationary' due to seasonal unit roots that raises the most troubling statistical issues. So we
first proceed with a test for the presence of seasonal unit root. In order to test hypotheses
about various unit roots, one estimates equation 8.1 with additional lags of y 12 lags to whiten
the errors.
12	 12
12Yt =	 a i D i	 ±st
	 8.2
1.1
	
1=1
	 1=1
The equation is estimated by OLS. For a 5% significant level, the critical value for
monthly data, provided in Beaulieu and Miron (1993). For a time series with 240
observations, the critical values are for 7t 1, is equal to -2.76, 7t2 is equal to -2.76, and for
odd coefficients is equal to -3.25 and even coefficients is equal to -1.85. The hypothesis
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tested is 9=0, (9 consists of the coefficients 7C I, 7t2, 7C 3 7C4
 Tt5, 7r ,62 7c727ts
 n9, n io, nu and,
n'12). (see Table, 8.4)
Table 8.4 : Results of Tests for Seasonal Unit Roots in Monthly Time Series (1976.3-1997.5)
for the log of the Variables CosA Ow Pm
Variables 71 1 712 7E3 7E4 715 716 717 718 719 7E10 7111 7112
inQsA
-5.3 -5.6 -1.0 -.24 -3.1 1.99 .14 -2.6 -5.2 -.25 3.6 1.8
InQ' 4.7 -5.0 -1.7 1.69 3.4 0.70 -7.4 -9.4 -2.83 5.9 2.2 -7.4
1nPm 0.7 4.26 2.97 -.46 .01 4.72 1.59 -8.9 -1.35 9.33 2.7 -4.0
With F-statistic for the three time series F(23,226)= 109.37 for Q sA, F((23,202)= 85.59
for Q°° and F(23,198) = 189.77 for PTM .	 Since the null is two dimensional, the F-statistics
for the joint null for the coefficient for (it s
, 7c6) (7r TEO (7E9, Tc to) and (n il, rc iD are computed
and reported in Table 8.5 which provide strong evidence against seasonal unit roots. The 5%
critical value for the F-test (with intercept, seasonal dummies and no trends) is 6.25.
Table 8.5 : Results of Tsts for Seasonal Unit Roots in Monthly Time Series (1976.3-1997.5)
for the log of the Variablesso A 000 pM Using the F- statistic for the Joint Null
for the Coefficients.
Variables F for 7t57c,6 F for 7E 7 , Tc8. F for Tc9, 7E10 F for nil, 7C12
lnQsA 7.61 33.80 13.8 9.01
inQoo 6.04 78.40 18.54 30.85
lnPm 9.41 46.26 48.85 8.80
Table 8.4 and 8.5 present the results, applying HEGY (1990) test procedures, for the Saudi
crude oil production, production of other members of OPEC and the market price of oil. The
definition of each series is given in appendix 10. The estimation equations include a
constant, seasonal dummies and lags of the dependent variable. We allow for seasonal
dummies in all tests, because the loss of power that results from inclusion when unnecessary
is significant compared to the bias that results from their omission when necessary (Franses
1996a). The value of the coefficients and the F-test statistic are reported in Tables 8.4 and
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8.5. Lag length is determined using a test for serial correlation of residuals which is reported
in Table 8.6
Table 8.6: Test for Serial Correlation of Residuals. 
Variables LR x2(1) [p-value] F statistic	 [p-value]
1riC2' .0.6263 [.429] F1.225 =0.565 [.453]
1nCr° 0.617 [.432] F1.197= .549 [.459]
1n13"1 1.004 (.3161 F1197= .895 [.345]
We generally reject seasonal unit roots at the 5% level at all seasonal frequencies
using the t-test Table (8.4) and compare its value with critical value reported by Beaulieu and
Miron (1993). We reject the null hypothesis of zero for most of the coefficients 7E 1 , 7E2
17t 317t4,715,71 ,65 7C7, 7C8) 7t9, 7t 10, 7111, and 7C 12 and we reject the joint null for the coefficients (Tc57c,6)
(17, 8),(n92 7C 10) and (nu, TC12)• The data on Saudi production rejects unit roots less often than
those for other members of OPEC, where for Q sA, they fall to reject zero coefficients for 7C3,
7C4, 7E 6, 7t7,. While for Q°° we fall to reject for only one coefficient 7r 6 . For Pm we fall to reject
zero coefficients for 7E 1, it4 rc5 7E7 . 7E9. However, they were all rejected by the joint hypothesis
test.
To summarise, for most series we reject unit roots, and there is no series for which we
fall to reject unit roots for at least eight of the frequencies. The strongest evidence for
seasonal units is in Saudi production, and price, but even in this case we reject more often
than not at the 5% level. Generally we reject the hypothesis of unit roots for the three time
series and we proceed accepting the hypothesis of no seasonality effect.
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8..5 Tests for Stationaritv and Unit Root
In this section, the time series properties of data used in the study will be examined.
The Augmented Dickey-Fuller (ADF) tests and Phillips-Perron Test (PP) will be applied to
the time series employed in the study: QsA,Q0o pSM and r‘M.a r Unit root tests with trend and
without time trend using equations (7.8) and (7.9) from chapter 7 are applied. All test
equations include a constant. The Akaike information Criterion, Schwarz Baysian Criterion,
and Hannan-Quinn Criterion are used to determine the log order for the ADF test to
guarantee white noise for the disturbance of the equations.
Table 8.7: Tests for Stationarity for the Time Series for the Period 1976:3-1986:12 
Variable (lag order) Without Trend Variable (lag order) With Trend
95% critical values -2.87PP(1) -2.87 ADF -3.45	 PP -3.45 ADF
inQsA(i)
-1.32 - -1.40 hiQsA(2) -2.39 -2.36
1n0°°(1) -1.31 -1.77 1nOw(1) -1.31 -229
inpSA( 1 )
-0.23 -0.45 InPsA(1) -0.41 0.15
ln Pm(1) -0.49 -0.89 ln Pm(1) -0.23 -0.65
In(Psm) (0) -1.85 -1.92 in (pSM) (0) -2.07 -2.24
Table 8.8: Test for Stationaritv for the Time Series for the Period 1987:1-1995.8 
Variable (lag order) Without Trend Variable (lag order) With Trend
95% critical values -2.87 PP -2.87 ADF -3.43	 PP -3.45 ADF
inQsA(3)
-2.16 -1.10 InQsA(3) -2.03 -1.48
1n0°°(0) -2.87 -2.54 1n0'(0) -2.09 -2.63
10'1(2) -2.99 -3.08 hiPm(1) -3.11 -5.16
8.5.1 The Dickey Fuller Test
The test statistic suggested by Dickey Fuller (1979) is used to test the null hypothesis of the
presence of unit root (non-stationarity) for all the relevant variables. The results of the ADF
tests are reported in Tables 8.7 and 8.8 along with their 95% critical values which are taken
from Fuller (1976). It follows that the null hypothesis of a unit root, for Saudi Arabia's
1 8 4
production and for the level of oil production of others, cannot be rejected for both periods.
It also can not be rejected for the Saudi Price, market price and the difference of prices for the
first period. However for the crude oil price Pm (1987-1995.8) the price time series is
stationary and we reject the null hypothesis of unit root. Almost all test statistics were higher
than the critical value, where the critical value is -2.87 without a time trend and -3.43 with a
time trend. Therefore, it is concluded that all time series included in the study are non-
stationary in levels except price of oil (1987-1995.8)
8.5.2 Phillips-Perron Test
When time series contain one or more time breaks, and a break consists of one or more
changes in the level and or in the slope of the trend function, Phillips-Perron suggested that it
might influence the test of stationarity. By taking this into account the PP test is used in
testing for the presence of unit roots in levels of all variables included in the study and the
results are reported in Tables 8.7 and 8.8. It follows that the null hypothesis of a unit root
cannot be rejected for the level of production for Saudi Arabia, the production of other
countries, and the real price at the 5% significant level, which confirms the ADF results of
the test.
Table 8.9: Test for the Degree of Integration 1976:3-1986.12: 
Variable (lag order) Without Trend Variable (lag order) With Trend
95% critical values -2.89 PP -2.89 ADF -3.43	 PP -3.43 ADF
A inQsA(0)
-11.69 -11.00 A inQsA(0) -11.69 -10.96
Aln0'(0) -10.60 -9.20 Aln0'(1) -10.60 -9.17
A inpsA(i)
-9.30 -6.24 A inpsw(i) -9.64 -6.52
A lriPm(1) -8.40 -7.71 A hiPm(1) -8.66 -8.07
Aln(Psm) (2) -11.35 -4.65 Aln(P') (2) 11.35 -4.70
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. Table 8.10: Test for the Degree of Integration 1987:1-1995.8 
Variable (lag order) Without Trend Variable (lag order) With Trend
95% critical values -2.89 PP -2.89 ADF -3.43	 PP(1) -3.43 ADF(1)
A inQsA(2)
-10.68 -06.92 QsA(2) -10.78 -6.88
Aln0'(0) -12.14 -10.76 Aln0°°(0) -12.20 -10.77
AlnP"(1) -08.07 -07.36 AlnPm(1) -08.06 -7.35
8.5.3 Test for Degree of Integration 
Variables to be included in the VAR model, should all be integrated of the same order.
Since the degree of integration is the number of times the variable is differentiated to induce
stationarity, the ADF and PP tests are used, to test for stationarity of the first difference:
P
6n2 X t =5 0 +5 1 T+5 2 AX t +Dr i A2 X t_ i +E t 	 8.3
i=1
Where 6,2 Xt., = A X, - A X,1
Both ADF and PP tests are used for comparing the computed statistics given in Table
8.9 and 8.10. The critical values used are from Dickey and Fuller (1981) and Fuller (1976).
The tests firmly reject the null hypothesis of a unit root in the first difference of the time
series.
,
Therefore, it is concluded that the time series included in the two periods are integrated
of order one Saudi oil production ln Q sA—I(1), production of others InQ°°—I(1), and the ratio
of prices ln(Psm)-4(1). The crude oil price series for the period 1987-1995.8 is integrated of
order 0, Pm —I (0) and is stationary in level. So we can proceed to do the cointegration tests.
= 8.5, and e11=
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8.6 The Multivariate Cointegration Model
Having specified the variables included in the model, the next step is to explain how
the equation should be estimated and tested. The focus of attention is on a single equation,
but we can not ignore the concept of exogeneity. In a VAR system all variables are treated
as endogenous. Which leads to the use of the p-dimensional vector auto-regressive model
with Gausian errors
x t =	 +mt +Et	 8.4
The variables included in the model are Saudi oil production, production of other members of
OPEC and price difference, all expressed in logarithm u n Qv., Q00 )1 To get the
real crude oil prices, the Saudi selling price and the market price are divided by the indices
of exchange rate and inflation based January 1972 (source DSD/Statistics Section).
The form of (8.4) will be better understood if we express it as a three equation model,
with Maximum lag of p=2 periods. The equations takes the form
in Qs" = 711 Inas-1 + 712 In	 + YI3 In(PISM ),_/ + 811 In 0-42 + 812 in 02) + 813 111(PtS41) 2 + 611
In	 = y21 In as", + y„ ln	 +	 + 82 , In 0,s_A2 + 52,	 + 6.2.3	 + e11
in(') 
= 731 1nas!I + 732 In e+ r33 In(P,suL l + (531 In as_A2 + 832 In Q + (533 110,11 +
In equation (8.4) the vectors X and E are given by
1 8 7
We notice in (8.5) each variable in the VAR model depends on all other variables, with
eXactly the same lags structure applied to each variable; in all equations no current values for
any variables appear on the right-hand side of any equation. In fact a VAR can be regarded
as the reduced form of a structural model in which no variables are exogenous.
Since the model has more than two variables, it may feature as part of several
equilibrium relationships governing the joint evolution of the variables. It is possible for up
to (n-1) linearly independent cointegrating vectors to exist. We can assume that there is only
one cointegrating vector. In fact when there are more it leads to inefficiency in the sense
that we can only obtain a linear combination of these vectors when estimating a single
equation model. However, the drawback of estimating only one equation extends beyond its
ability to validly estimate the long-run relationships between the variables, even if there is
only one cointegration relationship, estimating a single equation is potentially inefficient. It
is useful to extend the single equation to a multivariate framework by defining a vector
X = [inQsA ,idro ingsmy, and allowing all three variables to be potentially endogenous.
For testing the cointegrating relations the Johansen estimation method based on the
error correction representation of the vector auto-regressive (VAR) model is used, as
suggested by Johansen (1988,1989), and Johansen and Juselius (1990,1992) to estimate the
equilibrium relationship between the relevant variables. The model is reformulated in the
error-correction form,
k-1
AX t = Ir k AX +11X t_k + p.+8 1 T+7 1 D t +E t	 8.6
t=i
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Where X represents the vector of lnQsA,lnQ' 1nP", and AXt
 represent the vector of first
differences of the three variables 6.1nQsA AlnQw, Ain P'• If 11 is less than a full rank it can
be written as ra = ag where pp' represents the coefficients of the cointegrating vector which
describes the long-run relationship that links together the three variables, and a represents
the adjustment to the deviation from the long run path which is interpreted as the error
correction mechanism.
The hypothesis of cointegration is formulated as a reduced rank of the matrix fl-matrix
H A (r):11 = af3'
This hypothesis implies that 6,X t
 is stationary, X is not stationary, but p'x is stationary
(see Johansen 1991). The error correction formulation includes both difference and levels in
the same model allowing us to investigate both short-run and long-run effects in the data.
Rank Determination: That is the number of cointegrating relations. There are two statistics
for testing the hypothesis that the cointegrating rank is at most (r<k), using the likelihood
test for Trace Statistic. The likelihood ratio statistic for the null hypothesis of at most r
cointegrating vectors,
—21n(Q)= —T± (1 — ii)	 8.7
j=i+i
and the Maximal -eigenvalue of k - max Statistic as follow
—21n(Q) = —T(1 — 5:. i+1 )	 8.8
The null hypothesis in the LR tests is that 2 r4i = 2 r+21 =2n..p =0 The LR (N-r) do not follow
)(2 distribution. Johansen 1989 applies some results of Brownian motion theory and gives
the critical values for the distribution of LR(N-r). The third test is the eigenvalue of the
189
Companion matrix. By investigating the roots of the companion matrix, where we get the
roots describing the dynamic properties of the process. To test the null hypothesis that there
are at most r cointegrating vectors:
H o :X. ; = 0	 i= 1,2
where we use the test for k i= 21.2.= Ai =0 when the hypothesis is accepted one has the
number of unit-roots and thereby the number of cointegrating vectors.
Testing for unique cointegration vectors: Restriction on 13 -vector: Following the
determination of the number of cointegrating vectors and establishment of the existence of a
long-run relationship between the variables, it is necessary to impose restrictions motivated
by the economic theory to obtain unique vectors lying within thespace, then test whether the
columns 13 are identified. This identification is achieved by placing linear restrictions on the
parameters of the cointegrating vector, 13 coefficient , by Johansen (1992, 1994) and 1995).
This can be tested by using the likelihood ratio (LR) test
LR = TE ln 	
,.1	 (1—
where 2L i* are the eigenvalues produced by the restricted vector, and x i are the
corresponding eigenvalues for the unrestricted estimate. The L statistics follow an
asymptotic chi-square distribution with degrees of freedom equal to r(n-s) where n is the
number of variables and s is the number of restrictions and r is the number of vectors.
8.9
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8.7 Testing the Swing Producer Model for the Period 1976-1986
The following equation would represent the cointEgrating vector which describes the
long-run relationship linkING together the three variables.
ln 0  = )32 ln gi°° + ,83
 ln em + et	8.10
To describe the Saudi Arabian production policy for the period 1976: 3 to 1986:12, we
teste the swing producer model by imposing the following restrictions:
For a swing producer role (3 3= 0, which means the difference between the Saudi price
and the market price has an influence on the Saudi output decision. When the ratio PSM
between PSA and PM decrease (psA < pm) Saudi Arabia would increase its production to
lower Pm. When the ratio PSM increases (pSA >,-.MNr ) Saudi Arabia would decrease its
production to increase PM. (32 = 0 for the model. that is Saudi Arabia has a relationship with
the production of other members of OPEC, to prove that we have a cartel behaviour with
Saudi Arabia acting as the swing producer.
Specification of the cointe2rating VAR Model: To choose the optimal lag length we tested
down from the general 12 lags system. The Schwarz Baysian criterion (SBC) and the Akaike
information criterion is (AIC) suggesting a different order of VAR. We can choose 2 as the
order of the VAR (see appendix 11).
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We use the Log-Likelihood ratio statistic for testing zero restrictions of the coefficients
of a subset of deterministic/ exogenous variables; for the intercept LR test of restriction x2=
5.7365 [0.125], for the deterministic trend x2= 0.962 [0.810], and for the dummy representing
the structural change x2=15.11[.002]. Therefore, the model for the period 1976-1986 has no
intercept, no trend, but has a dummy variable.
The results of the Johansen-Juselius cointegration tests are presented in Table 8.11.
The trace test, the trace statistic and the eigenvalue (maximum) test indicates also the
existence of one relationship, suggesting that there exist one co-integrating relationship.
fi2z._ in Qt00lnQst A	+ )83 In(	 St
We use the LR test of deletion of deterministic variables in the VAR, is used to test for
the presence of intercept p., the result is the LR test of restrictions x2(3)= 3.9281 [.269]. Thus
we reject the zero coefficients of the variables, which indicates no presence of intercept.
Table 8.11. Cointegration with no Intercepts or Trends in the VAR. Cointegration LR test
based on Maximal Eigenvalue and LR Test based on Trace of the Stochastic
Matrix. Period 1976:3-1986:12, lags=2 
Eginvalue L=Max Trace 110=r 1-1,=P-r Critical Value
90% L-Max	 90%Trace
.24656 36.22 49.05 0 1 19.02 28.78
.088795 11.60 12.83 1 2 13.98 15.75
.00959 1.22 1.22 2 3 6.50 6.50
.0000
Table 8.11 shows Johansen likelihood ratio statistics for determining the number of
cointegrating vectors r, using the maximal eigenvalue test (k-max test) and the trace test,
starting with the null hypothesis of zero cointegrating vector t=0, followed by tests for r 1,
and r2. The k-max test shows that the hypothesis of zero cointegrating vectors is rejected at
the 90 % and 95 % critical value (The source of critical values is Pesaran & Pesaran
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(Microfit.4, 1997) see also Pesaran, et al (1997)). The results of the trace test confirm the
conclusion that there is one cointegrating relationship with respect to the three variables.
While the model selection criteria (Table 8.12) only SBC select one relationship.
Table 8.12 Cointegration with no Intercepts and no Trends in the VAR. Choice of the
Number of Cointegrating Relations using Model Selection Criteria. 
Rank Maximised LL AIC SBC HQC
r=0 152.55 140.55 116.16 128.86
1= 1 170.66 152.66 122.14 139.08
r=2 176.47 154.47 120.67 140.14
r=3 177.08 153.08 118.88 139.17
Since we accept the existence of the relationship amongst the three variables, we
proceed to the next step of the Johansen procedures, which is the estimation of the
normalised cointegrating vector.
Q St A = /32 In Qtoo 
7-
, 
P
ha. Dsm
3	 t	 GI
ln Q st A = —1.44 ln Qt°° — 0871n(PSM)+e	 8.11
The equation 8.11 shows the results from the Johansen ML estimation for the
estimates of [1, 13 2 , 13 31 which were obtained by normalising the corresponding elements by
the coefficient P I of QsA for the cointegrating vector. [3 3 close to 1 which means that any
change in the ratio of the two prices would be met by 0.87 change in production of Saudi
Arabia (elasticity of supply is less than one). 	 We test for 133=0, the x2 (1)= 23.477[.000].
We reject the null hypothesis of no relationship between the ratio of prices and the production
of Saudi Arabia.	 We test for 132=0, the x2 (1)= 32.940001 We can reject the null
hypothesis of no relationship between the production of others and the production of Saudi
Arabia
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It is concluded that there is a relationship between QsA and Qoo and (pSA. rrsMsir ) and we
say that the swing producer model is applicable to Saudi Arabia for the period (1976-1986) it
is concluded that the production of Saudi Arabia has a relation with the difference in price
and with the supply of others. These results indicate that Saudi Arabia was trying to keep the
price of oil stable and close to the official price either by increasing production when the
market price was high in order to lower prices, or by decreasing production when the market
price was low.
The estimated coefficients of errors for ln Q sA, a 1=0.009, a2=.001, a3=.001, which
represents the adjustment to the deviation from the long-run path. The values are too small,
suggesting that it would take a long time for the equation to return to its equilibrium once it
had been shocked.
8.8 Test the Market-sharing Model for the Period 1987- 1996 
For the second period 1987:1 to 1995.8 we test for the existence of the relationship
between the production of Saudi Arabia and the production of the others and the price of oil
using the following equation.
ln QsA = —y 2 ln Qt°° + y3 ln Pt m
 + et	8.12
where Pm is the price of Arabian Light 34° API for the period 1987.1-1995.8.
Y2 differs according to the type of market share we are investigating; Partial market share
means that 0 <72 < 1 and negative, and 730. Constant market share 72= -1 and negative, and
13= 0. With Pm—I(0), we will be testing for the constant market share
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Specification of the cointegrating VAR Model: To choose the optimal lag length we tested
down from the general 12 lags system. The Schwarz Baysian criterion (SBC) suggests a
VAR of order 1, the Akaike information criterion is (AIC) of order 2. We can choose 1 as
the order of the VAR (see appendix 11).
We use the Log-Likelihood ratio statistic for testing zero restrictions of the coefficients
of a subset of deterministic/ exogenous variables; for the intercept LR test of restriction x2=
8.93 [0.012], for the deterministic trend x2= 9.85 [0.007], and for the dummy representing
the structural change X2=24.54[.000]. Therefore, the model for the period 1987:1-1995:8
cannot reject the presence of intercept, time trend and a dummy variable.
Table 8.13 shows the Johansen likelihood ratio statistics for determining the number of
cointegrating vectors r, using the maximal eigenvalue test (X-max test) and the trace test,
Table 8.14 shows the number of cointegation relations using model selection criteria (AIC,
SBC and HQC).,
 With the three variables QsA and Q°°. However, with Pm —I(0) as a
stationary variable the cointegrating vector includes the Saudi production and other members
production. Both the maximum eignenvalue and the trace static suggest r=1. The
hypothesis that r=0 is rejected against r=1, but the hypothesis that 1---1 cannot be rejected
against r=2.
Table 8.13 Cointegration with Unrestricted Intercept and Unestricted Trend in the VAR. 
Cointegration LR test based on Maximal Eigenvalue and LR test based on
Trace of the Stochastic Matrix. Period 1987:1-1995:8 lags=1 
Eginvalue L=Max Trace lio=r 1-1,=P-r Critical value
90% L-Max	 90%Trace
0.12771 17.72 25.60 0 1 16.28 21.23
0.03942 7.88 7.88 1 2 9.75 9.75
1 9 5
Table 8.14 Cointegration with Unrestricted intercept and Unrestricted Tend in the VAR. 
Choice of the Number of Cointegrating Relations using Model Selection
Criteria
Rank Maximised LL AIC SBC HQC
r=0 349.03 341.03 330.45 336.75
F--1 357.89 346.89 332.35 341.00
r=2 361.83 349.83 333.97 343.41
Since we accept the existence of the relationship amongst the two variables, with the
price is stationary we proceed to the next step of the Johansen procedures which is the
estimation of the normalised cointegrating vector.
ln Q st A = +y2 111 00 st
1rI QSA = _.726 ln Q't3° + et	 8.13
The equation shows the results from the Johansen ML estimation for the estimates of
[y2,] which were obtained by normalising the corresponding elements by the coefficient yi of
QsA for the cointegrating vector. For the production of other members the sign is negative
which means that an increase in supply of others means a decrease in the Saudi production.
To explain the model we test for hypothesis y2 = 1 belongs to the space spanned by the
cointegrating vector [-1, 1]. This means that any change in the production of others would
be met by a change in Saudi production with elasticity one x2 (1)=.144[0.704] which
indicates that with stationary market prices, the elasticity of Saudi supply in respect to the
production of others is one.
1 9 6
The estimated coefficients of errors for In Q sA, a 1=0.004, a2=.0009. Which represent
the adjustment to the deviation from the long-run path. The values are too small suggesting
that it would take a long time for the equation to return to its equilibrium once it has been
shocked.
8.9 Conclusion
By dividing the sample into two periods 1976-1986 and 1987-1995, we can test both
models for the swing producer role for the first period and for the market-sharing role for the
second period. We can say that the swing producer is applicable to Saudi Arabia where the
Kingdom changed its production in order to keep stable oil prices. So it increased its
production when demand was high for OPEC oil (e.g. 1978.8-1981.8) and decreased its
production when the demand was low (1983.3-1985.8). For the second period (1987-1995)
where prices of oil became market related with the number of producers in the world oil
market increased, Saudi Arabia acted as a market-sharing producer who was concerned with
maintaining its share in the oil market.
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CHAPTER 9
CONCLUSION
This dissertation sought to analyse Saudi Arabian oil policy in the world oil
market. Its prices and production decisions in the 1970s and eighties were analysed.
Certain important developments in the market the two-tier price system, the Iranian
revolution, the Iran-Iraq war and the Iraqi invasion of Kuwait and the responses of
Saudi Arabia to these crisis and events were discussed.
The analysis points to a clear desire by Saudi Arabia in the past to exercise its
market power and influence the price at levels acceptable to its wealth maximising
objective being a high reserve holder, and a large exporter with high production
capacity. Throughout the survey of events and approaches it is clear that Saudi Arabia
behaved from the perspective of dominant producer. Having 26% of world reserves
,
and being the largest producer gave it a longer time horizon, thus it was in a position
to pursue stable prices and maintain a high market share. This behaviour was traced
through three different market systems: A fixed price regime with official prices as the
medium to influence the market from 1975-1982, the fixed price-volume from 1982-
1985, and in recent years a regime of volume fixing, flexible pricing using market-
related prices.
The behaviour of Saudi Arabia throughout the period of the study was
analysed relying on published data and interviews with key decision makers in Saudi
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Arabia (including the three successive Oil Ministers and advisors in the Ministry who
witnessed events in the three periods). These interviews were supplemented by
interviews with outside observers in the oil business and media who covered the oil
market, in order to compare their reflections to those of the Saudi Arabia perspective.
This study surveyed and evaluated the different models of oil market
behaviour and their relevance to Saudi Arabia to gether the evidence from the decision
makers. Of all the models that attempt to explain OPEC's behaviour, the two most
pertinet for the role of Saudi Arabia are the swing producer and the market-sharing
model.
The dissertation then went on to test these two models using appropriate price
and production data after discussing the rationale for the use of particular data in
chapter 6.
Based on recent developments in econometric analysis, this study has analysed
the behaviour of Saudi Arabia using procedures which examine the properties of time
series within the context of cointegrating recent analysis. Johansen (1988, 1992) was
used for the swing producer model, and the market sharing model.
The study finds that Saudi Arabian oil policy followed the role of swing
producer for the period 1976-1986. Post 1986 until 1996 its oil policy has followed a
market-sharing model.
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Limitations of the Study: 
Some of the limitations associated with this study were:
1-The lack of relative studies in the literature about decision making in Saudi Arabia.
2-Although the people I interviewed about the behaviour of Saudi Arabia in the
different time periods were forthcoming and gave me great insights, some were
nevertheless value judgements involved while I needed to be as objective
assessment as possible.
3-Lack of some data on the oil market and its. Such as financial absorptive capacity
for Saudi Arabia precluded me from testing the revenue constrained model.
Future Research Possibilities: 
A- The effect of financial needs on the oil policy. Financial needs have influenced the
outcome of the decision-making process, and high or low revenues had effected
the size of production. Thus in order to test this hypothesis we need to include an
indicator for the fmancial absorptive capacity of Saudi Arabia. This has been
discussed, but not tested empirically. To be able to do such testing would give
more insight about Saudi policy.
B- An analysis of price collapse, concentrating on the netback pricing mechanism
and how much it influenced the price decline in 1986.
C- As discussed in the section on the swing producer role, it would be advisable to
test the role of information in oil decision-making.
D- The effect of communication technological changes and the development of paper
markets in world oil prices.
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E- Since 1987, there has been a large development in the downstream industry in
Saudi Arabia, and expansion of the foreign downstream. A study of these
developments will be useful for understanding the oil industry in the Kingdom.
F- Aramco has passed through three stages: first, controlling the downstream and
upstream oil industry in the Kingdom, second, control of the down stream only;
third, the stage of Saudi Aramco. Investigating such developments is important to
understand the role of oil companies in the oil market.
APPENDICES
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APPENDIX (1)
The Saudi Ministers of Petroleum and Mineral Resources
The Ministers of Petroleum and Mineral Resources have contributed to the oil policy. Each of
them has been a powerful advocate in taking the oil decisions of Saudi Arabia, starting with Abdullah
Al-Tariki who was the first Minister (1960-1962), Ahmad Zaki Yamani (1962-1986), Hisham Nazer
(1986-1995) and to Ali Mimi (1995- present).
Abdullah Al-Tariki: December 1960 - March 1962.
Al-Tariki was appointed as a director of Oil and Mining in 1953, and became the first Oil Minister in
December 16 1960. He was one of the two founders of OPEC along with Perez Alfonzo, where his
objective was to obtain the government's right to control oil from the "majors". He believed in " Arab
Oil for Arabs". Al-Tariki. was replaced as minister by Zaki Yamani in March 1962.' He then
worked as an oil Consultant for some of the Arab producing countries, such as UAE and Libya. and
died on 31 September 1997 in Egypt
Alunad Zaki Yamani: March-1962- October 1986.
Yamani had a Masters Degree in Comparative Jurisprudence from New York University in
1955 and a Second Masters Degree from Harvard Law School, Mass in 1956. He was appointed legal
advisor to the Council of Ministers under Crown Prince Faisal, became a Minister of State in 1959 and
Minister of Petroleum and Mineral Resources in 1962. He led the successful negotiation between
OPEC and the oil companies in the early seventies which led to the signing of very significant
agreements such as Tehran, Tripoli, Geneva I, Geneva II. He was in charge of negotiating the Saudi
government take-over of the Aramco oil concession. He masterminded the introduction of OPEC' s
first regulation and quota programme in 1983. In all these oil policy decisions he always had to make
sure that he had the full endorsement and backing of the highest authorities in the Kingdom and follow
the direction of the King and the Council of Ministers.2
Hisham Nazer : October 1986 to August 1995.
Nazer was appointed as an acting Minister, and later as Minister. He had experience in oil matters
when he joined the Directorate General of Petroleum and Minerals in 1958. In 1960 he was appointed
Director General of the Ministry, and then served as Deputy Minster of Petroleum and Mineral
Resources from 1962-1968. He was the President of the Planning Organisation (1968-1975) and from
1975 he was Minister of Planning. He was a member of the Supreme Petroleum Council. His
relationship with OPEC differ from that of Yamani, who used more negotiations with OPEC members
while Nazer followed a policy of take it or leave it, wherein the Saudi decision was formulated in the
1 Terzian, P (1985) " OPEC: The Inside Story" Zed Books Ltd.
2 Ian Seymour interview (1997)
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Kingdom and taken to the OPEC conference. Nazer believed that other members of OPEC tried to use
Saudi Arabia to their own benefits with no consideration for the interest of the Kingdom. Like
Yamani he also had to have the full endorsement and backing of the King to be able to conduct the oil
decisions..
Ali Naimi: August 1995- present
Naimi was appointed as Aramco President in 1984 and President and Chief Executive Officer in 1988.
He has spent all his working life with Aramco.	 J
3 Nazer interview 1997.
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APPENDIX ( 2 )
The Structure of OPEC
The Organisation of the Petroleum Exporting Countries (OPEC) was founded in September
1960, as a direct response to the challenge posed by the multinational oil companies, which
unilaterally reduced the posted prices of crude oil in February 1959 and again in August 1960. OPEC
started with five founding members (Iran, Iraq, Kuwait, Saudi Arabia and Venezuela.). But it expanded
to 13 members, with the entry of Algeria (1968), Ecuador (1975), Gabon (1975), Indonesia, Libya
(1967), Nigeria, Qatar, United Arab Emirates. In 1992, Ecuador withdrew from OPEC and in 1995
Gabon followed suit, leaving the membership at 11.
Saudi Arabia is one of the founder members and since the 1970s it has become the focal point
of the organisation due to its market weight, having the largest share of world reserves and being the
biggest producer within OPEC. Saudi Arabia had been a major contributor to the major decisions of
OPEC.
The principal aim of the Organisation was clearly stated in paragraph (4) of Resolution I, article 2,
adopted by the founding members at their conference in Baghdad. It stated that its objectives were:
"the unification of petroleum policies for the member counties and
the determination of the best means for safeguarding the interests of
Member countries individually and collectively,.., ensuring the
stabilisation of prices in international oil markets ...the interests of the
producing nations and to the necessity of securing a steady income to
the producing countries; an efficient, economic and regular supply of
petroleum to consuming nations; and a fair return on their capital to
those investing in the petroleum industry".
These objectives, in general terms, seem to be still valid in spite of the major changes in the
pattern of relationships between producers, consumers and companies.
The structure of the organisation consists of the conference, the Board of Governors and the
Secretariat.
The Conference: The conference is the supreme authority of the Organisation. It consists of delegations
representing the member countries. A delegation is usually led by a high-level official, generally the
Minister of Petroleum or the equivalent. The function of the conference as enumerated in the Statute
is as follows:
"Formulation of general policy of the organisation and determination of
the appropriate ways and means of its implementation; decision on
application for OPEC membership; directing the Board of Governors to
submit reports or make recommendations on any matter of interest to
the organisation."
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Decisions on the budget of the organisation as submitted to it by the Board of Governors;
approval of any amendments to the Statute; appointment of the Chairman of the board of governors,
the Alternate Chairman the appointment of the Secretary General of the organisations and the Deputy
Secretary General and the Auditor. In addition , all matters not expressly assigned to other organs fall
within the competence of the Conference.
b) The Board of Governors: The Board of Governors manages the affairs of the Organisation. It is
composed of a representative from each member country, called the governors. The Board of
Governors meet twice a year and its functions, as set by the Statute, include: Direction of the
management of the affairs of the organisation and the implementation of decisions of the conference;
consideration of, and decisions upon any reports submitted by the secretary general for making
recommendations to the conference on the organisation; drawing up the budget and submitting it to the
conference for approval; nomination of the auditor for one year; consideration of the statement of
account and the Auditor's report and submission to the conference for approval.
c) The Secretariat: The secretariat carries out the executive functions of the Organisation under the
direction of the Board of Governors.
d) The Economic Commission Board: The Economic Commission Board is a specialised organ,
established in accordance with Article 41 of the Statute which gives the conference the right to
establish specialised organs to assist in resolving certain problems of particular importance. The
functions of the Board include the establishment of the necessary contracts with private and public
bodies, the oil industry in particular; collection of data and information; examination of the position of
oil prices on a permanent basis; the study of other economic factors affecting petroleum prices;
submitting to member countries monthly price reports; formulating and submitting to the conference its
findings and recommendations on prices.
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APPENDIX (3)
Major OPEC Decisions
Chronology
1, September 10-14, 1960, Baghdad: The first OPEC Conference, A statement of Policy and
Objectives was adopted and Membership requirement established.
5 th , December 24-31, 1963, Riyadh. Establishment of a three-member OPEC negotiation committee
(Iran Iraq and Saudi Arabia) with oil companies on royalty payments and marketing expenses.
16th, June 24-25, 1968, Vienna: Adopted the  Declaratory Statement of Petroleum Policy in Member
countries. The views on how to deal with the often tense relationship between the government and the
oil companies operating in OPEC member countries revolved around two lines: The first favoured
nationalisation of the companies, assets by the governments. This approach was favoured by the more
radical members of the organisation such as Iraq, Algeria, Venezuela and, to a certain extent Iran. The
other approach favoured by Saudi Arabia and its Gulf allies called for partnership between the
governments and the companies through participation in all phases of the industry. After intense
debate in the organisation, OPEC made an announcement in 1968 in the form of Declaratory
Statement of Petroleum Policy. In it, member countries declared their intentions, and determination,
to make strategic decisions at the upstream level, including participation in the ownership of oil
companies. This new policy recommended that there should be; a direct role in the development of
hydrocarbon resources; participation in the equity of existing concessions; and progressive and
accelerated relinquishment of acreage of present contact areas. The declaration also stipulated a role
for government in setting tax reference prices.
17 th, November 9-10, 1968 , Baghdad : Recommended that member countries should not grant what to
companies whose home countries pursued policies tending to artificially depress petroleum prices on
international markets.
21" , December 9-12, 1970, Caracas. The establishment of 55% as the minimum rate of taxation on the
net income of oil companies.
February, 14, 1971. Tehran : The Tehran Agreement was signed between six member countries in the
Gulf and 23 international oil companies whereby the posted price of Arabian Light was adjusted to
$2.18/B. The agreement included a flat across-the- board increase of 33 cents/B in the posted prices, a
flat increase of 5 cents annually in lieu of claims relating to adjustments in product prices, an increase
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of 2.5 per cent annually for inflation, full expensing of royalties, elimination of the marketing
' allowance, an increase in the tax rate to 55 per cent, and the realignment of all posted prices in the
Gulf, using the price of Arabian Light as a reference, taking into account a freight differential based on
a rate of Worldscale 72.The Tripoli Agreement was signed among East Mediterranean OPEC
producers.
January 20, 1972, Geneva.  The Geneva I Agreement was reached between OPEC countries and the oil
companies, supplemental to the 1971 Tehran Agreement, whereby oil revenues of member countries
were increased by the provision of an immediate price adjustment in the Arabian Light posted prices of
8.49 per cent. The settlement also included provision for further adjustments in oil revenues between
1972 and 1975 based on an index measuring changes between the exchange rates of the dollar and nine
other key currencies.
June 1, 1973, Geneva. Geneva II Agreement was reached with the international oil companies on
adjustments to posted prices to take account of the world currency situation; it included an expanded
basket of major currencies., from 9 to 11, with a new mechanism for a monthly measurement of
change.
October 16, 1973 Kuwait: The Gulf Members announced an immediate increase in posted prices to $
5.12 per barrel. It was the first move by member countries to exercise their sovereign right to
determine the price of their natural resources. After this, OPEC set prices unilaterally for its oil.
December 22-23, 1973, Tehran: OPEC decided to set Government take at $7 a barrel for Maker Crude
and, therefore, taking into account the Geneva II Agreement, the posted price for Maker Crude would
become $11.651/B as of January, 1974.
37th, January 7-8, 1974: The Gulf Member countries decided to abandon the ratio of 1.4 to 1.0
between posted prices and market prices, in response to changes in the petroleum market conditions.
40th, June 15-17, 1974, Quito: OPEC decided to increase the rate of royalty by 2 per cent or
alternatively to increase the government take by an equivalent amount.
41" September 12-13, 1974, Vienna: Decided to freeze posted prices for the fourth quarter of 1974,
but to increase the total government take by 3.5 per cent, effective October 1, 1974 in order to
compensate for inflation in the industrialised countries. The weighted average government take for
Marker Crude would thus increase from $9.41 to $9.74 per barrel.
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November, 10, 1974, Abu Dhabi: Three OPEC Gulf States, Saudi Arabia, United Arab Emirates and
Qatar, decided to raise income tax and royalty rates on the equity crude lifted by the major oil
companies to 85 per cent and 20 per cent respectively.
42'd December, 12-13, 1974 Vienna, OPEC decided to adopt a new pricing system based on the
decision taken by the three Gulf States on November 10. As a result, the average government take was
set at $10.12 per barrel for Marker Crude, effective from January 1, 1975 through to September 30,
1975.
March, 4-6, 1975, Algeria: Solemn Declaration , the Sovereigns and heads of state of member
countries of the Organisation of the Petroleum Exporting Countries including late King Faisal of Saudi
Arabia met in Algeria from March 4-6 1975. The meeting stressed that world peace and progress
depended on mutual respect for the sovereignty and equality of all member nations of the international
community. They confirmed that the exploitation of the oil resources in their countries must be based,
first and foremost upon the best interests of their peoples and that oil, which is the major source of their
income, constitutes a vital element in their development.
45 th September 24-27, 1975, Vienna: OPEC decided to increase the price of Arabian Light, the Marker
Crude , by only 10 %, bringing it to $11.51 per barrel from October 1, 1975, and hold it at that level
until June 30, 1976.
48th, December 15-17, 1976, Doha: Doha two tier price. OPEC decided with the exception of Saudi
Arabia and the United Arab Emirates, to increase the price of Marker Crude by 10%, from $11.51 per
barrel as of January 1, 1977.
49th,. July 12-13, 1977, Stockholm:  End of two tier pricing system. Saudi Arabia and the UAE
adjusted their prices upwards by 5%.
50th December 20-21, 1977, Caracas: Price Freeze. The price of Arabian Light remained unchanged at
$12.70/B.
3-7' May, 1978, Taff:. Establishment of long-term strategy committee:  Oil Ministers of OPEC invited
by the government of Saudi Arabia to meet in Taif/ Saudi Arabia to take a strategic look at the future.
It was decided it set up a "Strategy Committee" consisting of six member countries to carry out an
exhaustive study for long-term strategic planning. This committee worked on a report that served as
a basis for policy recommendations, and was forwarded to the November 1980 OPEC meeting. This
helped in creating a new perspective to long-term strategic planning by OPEC.
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November, 1978. Iranian Crisis.
52 d, December 16-17,1978 Abu Dhabi. OPEC decided to adjust the price of oil by a 10 %, average
over the whole of 1979.
53 rd, March 26-27, 1979: OPEC decided to bring forward the price adjustments of the fourth quarter of
1979 and apply it as of April 1, 1979. This adjustment set the marker crude at $ 14.546/B.
54th June 26-28, 1979 Geneva OPEC decided to adjust the Marker Crude price to $18/B to allow
Member countries to add to the prices of their crude a maximum market premium of $2/B over and
above their normal differential, if and when such a market premium was necessitated by market
conditions; and that the maximum prices that could be charged by member countries were not to
exceed $23.50.
55th December. 17-20, 1979 Caracas. OPEC: each for himself on prices; Saudi Arabia up from 18 to
24. Seven members align on the Saudi Arabian Marker on $26/B, others up to $30/B.
56th, May 7-8, 1980. Taif. OPEC's Long-Term Strategy Committee proposal approved with
reservations on report's proposed long-term formula. Also, OPEC recommended that the price of
natural gas should be in line with the price of oil on a BTU basis.
57th, June 9-11, 1980. Algeria: OPEC decided to set the price level for a Marker Crude at a ceiling of
$32 /B. that the value differentials which would be added over and above this ceiling for the Marker
Crude, to take account of quality and geographical locations, should not exceed $5/B; and that this
price structure should apply as of July 1, 1980. The objective of the new price structure was to achieve
an equilibrium between supply and demand to avoid further stockpiling, which was considered harmful
to both producers and consumers. The conference reiterated OPEC member countries' determination
to set gas prices in line with those of crude oil in order to achieve a coherent marketing policy for their
hydrocarbons.
58th , September 17, 1980 Vienna: OPEC decided to fix the price of the Marker Crude (Arabian Light)
at the level of $30/B and to freeze the other official prices of OPEC member countries' crude at that
level.
59th
	
15-16, 1980 Bali. OPEC decided to fix the official price of the Marker Crude at the
level of $32/B. that prices of OPEC may be set on the basis of an oil price ceiling for a demand Marker
Crude of up to $36/B; and to set the maximum price for OPEC crudes at $41/B.
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60 th , May 25-26, 1981. Geneva: OPEC decided to maintain the deemed Marker Crude price at a ceiling
of $36/B, with a maximum OPEC price of $41/B, until the end of the year. The majority of member
countries decided to cut production by a minimum of the per cent effective from June 1, 1981.
61" October 29, 1981. Geneva: Set the Marker Crude at $34/B in order to adopt a unified pricing
system for OPEC crudes with a view to creating the right conditions for stability in the market.
63' March 19-20, Vienna: Production Programming  and confirmed the price of the marker crude at
$34/B. For the first time, OPEC decided to place a ceiling of 18 MMBD on OPEC aggregate
production with the effect of April 1 1982. For quota distribution see Appendix 6
66th, December 19-20, Vienna: OPEC decided that production for the year 1983 should not exceed
18.5 MMBD.
67th, March./ 14, 1983. London:  The London Agreement: was signed reducing oil prices to $29/B, and
putting a ceiling of 17.5 MMBD on production Quotas were allocated to member countries but with no
specific quota allocated to Saudi Arabia which was to act as the swing producer to supply the balancing
volumes to meet market requirement within the over all ceiling. Thus a new era in Saudi Arabia's role
in OPEC was established. (see Appendix 5)
71", October 29-31, 1984, Geneva:. OPEC determined to defend the price structure of its Marker
Crude at the level of $29/B and cut the production ceiling of OPEC to 16 MMBD.
80th December 14-20, 1986 Geneva, OPEC decided to return promptly to a fixed pricing system at a
level of $18/B for OPEC's reference price. This price which is based on a basket of seven crudes,
would come into force as of January 1, 1987. Total production should not exceed 15.8 MMBD.
82nd 9-14, March 1987 Vienna Production level of all member countries, with exception of Iraq, would
be 15.06 MMBD during the first half of 1988. Reference price of the OPEC crude basket is $18.5 /B.
April, 26-27, 1988, Vienna - OPEC/non-OPEC Meeting. Seven non-OPEC independent producers
(Angola, Colombia, Egypt, Malaysia, Mexico and Oman. With six members of OPEC (Algeria,
Indonesia, Kuwait, Nigeria, Saudi Arabia and Venezuela).
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84th, November 21-28, 1988, Vienna. Total OPEC production for the first half of 1989 should be set at
a ceiling of 18.5 MMBD. Reference price of the OPEC crude basket is $18.5 /B.
85 th, June 5-7, 1989. Vienna.: Total OPEC production for the first half of 1989 should be set at a
ceiling of 19.5 MMBD. Reference price of the OPEC crude basket is $18.5 /B.
86th , November 25-28, 1989. Vienna. Total OPEC production for the second half of 1990 should be set
at a ceiling of 22 MMBD.
87th July 26-27, 1990. Vienna. Total OPEC production for the first half of 1990 should be set at a
ceiling of 22.449 MMBD. Reference price of the OPEC crude basket is $21 /B.
Auguast.2 1990. Invasion of Kuwait..
August 29, 1990, Vienna. Increased production in accordance with need..
March 11-12, 1991. Geneva: Total OPEC production for the second quarter of 1990 should be set at a
ceiling of 22.3 MMBD. Reference price of the OPEC crude basket is $21 /B
September 24-25, 1991. Geneva: Total OPEC production for the fourth quarter of 1991 should be set at
a ceiling of 23.65 MMBD. Reference price of the OPEC crude basket is $21 A3
November, 26-2, 1991. Geneva: Reaffirmed total OPEC production for the first half of 1991 should be
set at a ceiling of 22.3 MMBD. Reference price of the OPEC crude basket is $21 /B
February 12-15, 1992, Geneva: Saudi Arabia reduce its quota by 500,000 B/D.
September 16-17, 1992: Total OPEC production for the fourth quarter of 1992 should be set at a
ceiling of 24.2 MMBD. Reference price of the OPEC crude basket is $21 /B.
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November 25-27, 1992 Vienna. Down trend in oil price, with OPEC basket price falling from $18.80
from the first week of November. Total OPEC production for the first quarter of 1993 should be set at
a ceiling of 24.582 MMBD.
February 13-16, 1993. Vienna. Overall OPEC production reduced, effective from March 1, 1993
should be set at a ceiling of 23.582 MMBD.
94th, September 25-29, 1993. Geneva: Oil prices deteriorated to such an extent that the OPEC basket
price had fallen below $ 15.0/B. Set the overall OPEC production ceiling for the following six
months, at 24.5 MMBD.
97th , November 22-25, 1994. Bali. Maintained the total production ceiling of 24.52 MMBD.
98th , June 20, 1995. Vienna. Maintained the total production ceiling of 24.52 MMBD.
99th , November 22, 1995. Vienna. Maintained the agreed ceiling of 24.52 MMBD until the end of
June 1996.
100th , June 7,1996. Vienna. Supply ceiling to be set until the end of 1996 at 25.033 MMBD to consider
the deal of oil humanitarian needs (oil for food and medicine) between Iraq and the United Nations.
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APPENDIX (4)
The Participants in the Decision Making Process in the Kingdom of
Saudi Arabia* 
he Period The King Major Decisions MINIPT Minister
)53-1963 King Saud
Oct.9, 1953
COM: 8 Ministers (1953) Directorate of Oil and Mining
Affairs.(1953)
Al-Tariki
Directory General of
Petroleum and Minerals
(1958).
Al-Tariki
Ministry of Petroleum and
Minerals (December 21, 1960)
Al-Tariki
Dec. 21, 1960
COM: 14 ministers
Mar. 3, 1962
Yamani
Mar. 3, 1962
964-1975 King Faisal
Nov. 2, 1964
Establishment of SPR
1973
975-1982 King ,Khaled
Mar. 25, 1975
COM: 23 Ministers
Oct. 13, 1975
982-present King Fahad
Jun. 13, 1982
Nazer
Dec. 12, 1986
Saudi Aramco 1988
Establishment of
consultative Council 1992
., COM: 29 ministers
Jul. 30, 1995
1st. Naimi
Jul.30, 1995
Source: Al-Hamody, A., (1996) "Saudi Diplomacy and Protocol" PhD Dissertation from University
of Urn Al-Qura. Makah, Saudi Arabia. The author is the Deputy of Royal Protocol, in the Royal Court.
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APPENDIX (5)
The London Agreement
Resolution LXVII. 238
The conference,
Having assessed the prevailing condition in the oil markets and determined to bring the
necessary stability into these markets
resolves
1.To set the official price of the Marker Crude. Arabia Light, 34 API, ex Ras Tanura, at US$
29.00 per barrel.
2.To maintain the existing differentials among the various OPEC crudes at the same level as
agreed upon at the 63 (Extraordinary) Meeting of the Conference held in Vienna, Austria,
in March, 1982, with the temporary exception that the differentials for the Nigerian crudes
shall be US $ 1.00 over the price of the Marker Crude.
3.That Member countries will not reduce their official prices below the agreed OPEC level
without previous approval from an OPEC conference.
4.That, when non-OPEC exporters take action jeopardising an OPEC agreement, OPEC shall
convene a special session immediately to take remedial measures.
5.That, when market conditions allow it, price shall gradually be increased by increments of
50 cents per barrel until the Marker Crude price reaches a level of US$ 30.00 per barrel.
In order to take a decision on the matter, an Extraordinary Meeting of the Conference shall
then be convened.
3.That the ceiling for OPEC production shall be set at 17.5 million barrels per day for the
remaining part of 1983.
4.6 That Member countries' quota shall be allocated as follows:
Million b/d
Algeria 0.725
Ecuador 0.200
Gabon 0.150
Indonesia 0.300
Islamic Republic of Iran 2.400
Iraq 1.200
Kuwait 1.050
Socialist People Libyan Arab Jamahiriya 1.100
Nigeria 1.300
Qatar 0.300
United Arab Emirates 1.100
Venezuela 1.675*
Total
The national quotas are to be observed quarterly.
7.No quota is allocated to the Kingdom of Saudi Arabia which will act as the swing producer
to supply the balancing quantities to meet market requirements
8.That the Ministerial Monitoring Committee shall continue its work in order to ensure full
compliance by Member countries with the set ceiling and quotas.
9. That the Ministerial Monitoring Committee shall include in its term of reference the
following:
-Determine the factors that affect the level of demand for OPEC oil below or above the
agreed upon production ceiling;
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-Following-up the production level of each Member County in order exports, in order to
, anticipate possible changes in supply, demand and prices.
10. That Member countries shall:
a) avoid giving discounts in any form whatsoever;
b) refrain from dumping petroleum products into the world oil market at prices which
would jeopardise the crude oil pricing levels.
11. That Member countries shall not sell crudes directly or indirectly on the spot market below
the agreed upon OPEC price levels.
• (1.7 MMBD, including condenses)
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APPENDIX (6)
OPEC Agreements 1000 B/D March 1982- December 1994
Country 1982 1983 1984 sep86-0ct86 Nov-86
Algeria 650 650 663 663 669
Gabon 150 150 137 137 160
Indonesia 1300 1300 1189 1189 1193
Iran 1200 1200 2300 2300 2317
Iraq 1200 1200
Kuwait 800 800 1200 900 921
Libya 750 750 900 990 999
Nigeria 1300 1300 1300 1300 1304
Qatar 300 300 280 280 300
Saudi Arabia 7150 4975 4353 4353 4353
U.A.E 1000 1000 650 950 950
Venezuela 1500 1700 1555 1555 1574
Total 17300 17300 15817 14617 14740
Country Dec-86 1H87 2H87 1H88 21188
Algeria 669 635 667 667 667
Gabon 160 152 159 159 159
Indonesia 1190 1133 1190 1190 1190
Iran 2369 2255 2369 2369 2369
Iraq 1540 1466 1540
Kuwait 996 948 996 996 996
Libya 996 948 996 996 996
Nigeria 1301 1238 1301 1301 1301
Qatar 300 285 299 299 299
Saudi Arabia 4353 4133 4343 4343 4343
U.A.E 950 902 948 948 948
Venezuela 1574 1495 1571 1571 1571
Total 14818 15590 16379 14839 14839
Country 1H89 3Q89 4Q89 an90-Jul90 Aug90-Dec90
Algeria 659 733 771 827 827
Gabon 166 175 184 197 197
Indonesia 1240 1307 1374 1374 1374
Iran 2640 2783 2926 3140 3140
Iraq 2640 2783 2926 3140 3140
Kuwait 1037 1093 1149 1500 1500
Libya 1037 1093 1149 1233 1233
Nigeria 1355 1428 1501 1611 1611
Qatar 312 329 346 371 371
Saudi Arabia 4524 4769 5014 5380 5380
U.A.E 988 1041 1094 1095 1500
Venezuela 1636 1724 1812 1945 1945
Total 18370 19258 20246 21813 22218
221
222
Country 2Q91 3Q91 4Q91 Jan-92 Feb-92-Jun92
Algeria 827 827 - - 760
Gabon 285 285 - - 273
Indonesia 1443 1443 - - 1374
Iran 3217 3217 - - 3184
Iraq - - - - 505
Kuwait - - - - 812
Libya 1425 1425 - - 1395
Nigeria 1840 1840 - - 1751
Qatar 399 399 - - 377
Saudi Arabia 8034 8034 - - 7887
U.A.E 2320 2320 - - 2244
Venezuela 2235 2235 - - 2147
Total 22025 22025 23650 23650 22709
Country 3Q92 4Q92 Jan93-Feb93 Jan93-June93 3Q93
Algeria 760 - '764 732 732
Gabon 273 - 293 281 281
Indonesia 1374 - 1374 1317 1317
Iran 3184 - 3490 3340 3340
Iraq 505 - 500 400 400
Kuwait 812 - 1500 1600 1600
Libya 1395 - 1409 1350 1350
Nigeria 1751 - 1857 1780 1780
Qatar 377 - 380 364 364
Saudi Arabia 7887 - 8395 8000 8000
U.A.E 2244 - 2260 2161 2161
Venezuela 2147 - 2360 2257 2257
Total 22709 24582 23582 23582
Country 4Q93&1Q94 Q94-4Q94
Algeria 750 750
Gabon 287 287
Indonesia 1330 1330
Iran 3600 3600
Iraq 400 400
Kuwait 2000 2000
Libya 1390 1390
Nigeria 1865 1865
Qatar 378 378
Saudi Arabia 8000 8000
U.A.E 2161 2161
Venezuela 2359 2359
Total 24520 24520
OPEC Secretariat
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APPENDIX (7)
Trading Instruments 
Increased price volatility in the seventies and eighties and the existence of transportation and
refining lags, provided incentives to establish different trading instruments, including spot, physical
forward and future contracts. In the late eighties, other instruments, such as options on future
contracts, swaps and warrants were introduced. These instruments were used for the purpose of
hedging and speculation. Hedging is used to reduce the risk of losses when there is price variability in
the cash market. Where this was a risk, speculators traded and took positions according to their price
expectations.
Forward and Future markets: At any given point in time, there are different spot prices
for a given crude variety depending on whether delivery is prompt or Forward. For a given crude,
Brent for example, three spot prices may be quoted on one day. For example, the 10 th of June 1994,
prices, such as Brent at June, Brent at July and Brent at August could be quoted,. which means there
is one spot and two Forward. Forward differs from spot in that the delivery day is some time in the
future at a price established at the time of transaction. Forwardness is measured as the number of days
between the date at which the deal was made and the middle of the delivery month. Thus the
forwardness for the August deal is 65 days, that is the sum of the remaining 20 days of June, 31 days
of July and half of August, the delivery month. While for the July deal the forwardness is 35 days.
Forward contracts are often used to hedge the risk of increasing the price for the buyer or lowering the
price for the seller, in order to fix the revenue to the date of transaction. This means that during a time
of crisis forwardness increases because hedgers try to lock prices as far ahead as they can.
Future contracts: The first successful attempt was the creation of future contracts for heating
oil in New York Mercantile Exchange (NYMEX) in 1983. Meanwhile, contracts for other products
and for crude, such as Brent at the International Petroleum Exchange (IPE) in London and the
'Brent crude is a blend of light, sweet crude produced from the British sector of the North Sea field.
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WTI' in New York Mercantile Exchange (NYMEX), had been introduced. Also Dubai' crude had
been traded on the Singapore International Monetary Exchange (SIME), though in relatively small
volumes.
Future contracts are similar to forward in that the products are sold or bought for delivery at
some time in the future, but differ in respect of the fact that while the forward contract is bilateral
with no other parties concerned, futures are traded between agents on the exchange floor. It essentially
represents two contracts: a sellers' contract and a buyer contract, each with the clearinghouse operated
by the futures exchange.
The contracts traded in oil futures markets are commitment to
deliver or accept standard quantities for a given crude oil or
refined product at specified future times (or dates within periods)
Hartshorn (1993)p.207
Futures are contracts traded for speculation purposes not as a source of supply even though
they are contracts offering delivery at a future point of time. All bargains are registered as to price and
timing and are immediately communicated to all other participants in the market. These contracts are
backed by a deposit and guaranteed by a clearing house. Before delivery becomes due for most future
markets, the buyer or seller will usually reverse the commitment by reselling or repurchasing
contracts. This is known as "paper crude" (in which physical delivery is formally possible but not the
main objective of the deal), before it becomes "Wet crude" which is spot and forward, the main
purpose of which is physical delivery.
Future contracts are governed by regulations and laws' which differ from the less formal
forward markets. These regulations might affect the size of contract that should be liquidated, and the
design draft of the future contracts.
Options and derivatives: The option underlying the future contracts may be exercised at any
time before it expires; a 'call' option gives its holder the right to buy the underlying future contracts,
5 Crude with similar characteristics to Brent produced from a number of fields throughout West Texas
in the USA.
6 Medium crude produced in the UAE.
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and a `put' option, the right to sell. The option is a function of the strike price, if the underlying
futures price is above a given option's strike price, then the option is 'in the money' if it is a 'call' and
'out' of the money, if it is 'put'.
Swaps: Swap is the CFD (Contract for Deliveries) market, which trades the difference
between the Platt's assessment for spot crude and the first month forward crude, and can be used to
manage the risk arising from differential price moves between the spot and the forward market. This
can be explained as follows a producer can arrange a swap for a given value over a given period at a
price equal to an estimate of weighted average of market price over that period. At the end of that
period the value of the swap is compared to the actual price and to the estimated one. If the actual price
is higher, the producer pays the swaps provider the difference and if the price is lower than the estimate
the provider pays the producer the difference. Consequently, the swap requires no physical exchange.
These sets of trading instruments apply to a small number of crudes, the most important being
Brent Dubai West Texas Intermediate CWTI), and Alaska North Slope_ (ANS.) These various crudes
define each particular oil market by location and institutional characteristics of its own. These crudes
are partially linked together but there is no perfect integration between them. Local and international
forces influence some of the prices of these crudes.
Regulation established through legislation imposed by government organisations such as The
Commodity Futures Trading Commission (CFTC) In the United States.
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APPENDIX (8)
Markets of Crudes 
Historically, spot markets were few and were confined to specific locations such as
Rotterdam, the south of Europe, Singapore, the US Gulf coast, and New York, where trade was
conducted on products rather than crude oil, and used by the major companies. Spot markets have now
become global, with many participants (refiners, middleman, producers and consumers). Published
spot prices are a representative average calculated by specialist reporting services which monitor a
cross- section of the open market.
Before the 1970s, spot trading was largely confined to refined products, as all international
trade in crude oil consisted either of integrated transfers between upstream and down stream affiliates
of multinational companies or sales under long-term supply contracts. In the late 1950s, when crude
posting prices were discounted, the interest started in spot prices, using Netback by deducting
estimated refining costs and crude shipping costs from the average prices paid by spot buyers for
wholesale products in Rotterdam and certain other major refining centers.
In the 1970s, there was a development of spot trade in crude oil, which exposed OPEC's
official selling prices to direct comparison with open market price trends. In 1979, many companies
were willing to pay premium prices for substantial volumes of spot crude following a disruption of
long term contract trading. A consequent spot-led escalation of official prices continued in 1980, when
the developments of 1979 prompted further changes in the pattern of trade.
North America There are two major markets in the US; the US Gulf and NYMEX.
The US Gulf: The importance of the US A Gulf terminals is that the Saudi and other Middle
East crudes are landed there. The Alaskan North Slope (ANS.) : This is not the most quoted crude in
the American spot markets for oil and is only consumed in California. The importance of the ANS, as
a price indicator is that it happens to be delivered to the same USA Gulf terminals as Saudi and other
Middle East crudes; and it is closer to them in quality than WTI (Hartshorn,1993).
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NYMEX and the Market for WTI: NYMEX8 (The New York Mercantile Exchange) first
entered into the energy market in 1978, but its success began in 1983. West Texas Intermediate (WTI)
is the light sweet (40 API and sulphur content of 0.4 per cent) crude oil contract on the NYMEX
(which is the dominant crude oil for price setting in the US domestic market). Future markets for
crude have been established successfully since 1983. WTI, which is the spot frequently quoted in the
US, is a crude that does not enter physically into the world trade at all (it is only available from a
landlocked pipeline terminal in Oklahoma,) but has the most liquidity in the world because of the
trading in the future markets contract (Hartshom,1993) .
Brent Market: Until the mid. 1980s, the term "Brent Market" only referred to the spot of
physical forward transactions involving this particular blend. Now the Brent market includes partial
forward transaction, a futures contract traded in London on the floor of the International Petroleum
Exchange (IPE), options on futures contracts, and swap deals. There are two types of transaction in
the physical Brent blend market :
(a) Dated Brent: the trade in Brent for the current or delivery month, which refers to a spot
transaction for a specific cargo that is either available at a specific loading place or already loaded in
transit to some destination.
(b) 15 days Brent". a specified cargo that will be made available by the seller to the buyer on
an unspecified day of the relevant month (Horsnell . and Mabro (1993). It is called the 15-day market
because the contract assures the buyer of 15 days notice of the period when he must lift his cargo from
the loading terminal at Sullom Voe in the North Sea. This can be divided into two major forms of 15-
day Brent market; forward cargoes can either be traded as single cargoes with an absolute price agreed
or use spread trading which involves the trading of the difference in price between Brent for delivery in
different months. A less common form of spread trading is that of trading the differentials against
another crude oil, which in the Brent market normally means trading against either Dubai or WTI.
NYMEX is currently one of the largest futures markets in the world in terms of the volume of
contacts traded.
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In 1988, IPE started successful trading in Brent futures contracts . The other trading instruments used
are the IPE Brent Options and Swaps which started in 1989. What with all the trading on the Brent
market, it became the price indicator available for the world crude oil trade. Although there is some
trading in all the North Sea crudes the existence of a substantial forward paper market is confined at
present to Brent Blend, because it is sold in a volume larger than any other crude in the North Sea.
Though it consists of only 5% of world crude exports, it is considered that which is generally available
at the most flexible price (Hartshorn,1993).
The Dubai Forward Markets: Dubai9 crude is a medium 31 API and high sulphur crude oil.
Since the United Arab Emirates allows equity production by oil companies, unlike other Gulf
producers the Dubai market developed from 1984 to reach a peak in 1988 but has declined since. One
quarter of the production of Dubai oil is normally sold in the forward market directly, the remainder
is sold under term contracts to companies who may choose to sell them on the forward market.
The Dubai market started around 1984 with small numbers of deals which increased
dramatically in 1985 because of the interest of Japans trading companies in the Dubai market,
followed by Wall Street refiners in mid 1987 and then by other western companies. By 1988 Iran,
Iraq and Saudi Arabia used formula pricing linking sales of the Far East directly with Dubai market
quotations. Also in 1988, deals on Brent- Dubai differentials were increasing. However, the total
liquidity of the Dubai markets shows a decline since 1988 because of the Gulf crisis in 1990, as well as
the rise of spread deals to over 90 per cent in 1991. The Dubai market is used for the pricing of oil
exported to the East from the Arabian Gulf, but due to the limited number of participants coupled with
the domination of western companies its importance is diminishing.
Brent is the only reference crude that is traded in a market which displays many of the
essential economic characteristics required for eligibility. It is located in a large consuming region,
and well linked through active arbitrage to WTI in the USA and Dubai in the Gulf.
'Dubai is one of the Arab Emirates in the UAE which is one of the Gulf states and a member of OPEC.
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APPENDIX (9)
The VAR Model
To interpret the model, we use an example of three variables as has been indicated in chapter (5),
with two lags and no deterministic components
Y It-11 1
Y2t-1
xt-1
ra
[
a2 PlYlt-1	 P2Y2t-1	 133xt-11
a 3
r	 P2	 P3	 1To normalise we multiply by 1/13, given the cointegration vector [3 7 1 , - , +—a y2t_,	 xt_i
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which describes the long-run relationship between the three variables.
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Both
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describe the long-run relationship between the three variables. To identify we use procedures to test the
structural hypothesis about cointegration space.
and
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APPENDIX (10)
Definition of the Polynomial used in Seasonality Testing
For seasonal integration in monthly data, The auxiliary regression is augmented by lagged values
of the dependent By defining the Polynomial :
y i t = ( 1 +L+L 7+ L3+ L4+ LS+ L6+ L7+ L8+ L9+ L'°+ L I l)Xc.
Y2t = (1-L+L2- L3 + 1.,4- L5- c_i_ ',8+ L9_ LIO. I,11))(1.
Y„ = -(L- L3-+ L5-12 + L9+ - L")X,.
+ L4_ L6 + Ls_ Lio)xt.Y4t = -(1-L2
Y5,= 1/2(1+L-2L2+ L3+ L4-2 L5+ L6+ L7-2 0+ L9+ L10-2 LII)xt.
Y6,= - (1-L+ L3- L4+ L6_ L7+ L9.. L io+ lail)xt.
2
Y„ =1/2 (1-L-2L2- L3+ L4+ 2L5+ L6-12-2 1,8- L9+ L'°+ 21,11)X,.
J
Y8t = -2 
(1+L- L3-1,4+L6+ L7+ - L9- L' 13+ L")X,.
Y„ =1/2 ( j -L+ L3- -,fi L4+ 2L5- 13- L6+ L7- L9+ ,fi 1, 1 °-2 LII)Xt.
not = 1/2(1- j L+2L2- j L3+ L4- L6+.,r3- L7-2 L8+ .$1-3- L9- 1,1°)X,.
Y1 It = 1/2( j -FL- L3- j L4-2 L5--r3 L6- L7-1-L9+.,5 L'°+2 1)1)N.
Yi2t = -1/2(1+ ,ii L+2L2+ .,5 L3+ 1,4-L6- .5 L7-21,8- J L9- LnXt-
Y13t = 0 -
 Ll2P(t•
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APPENDIX (11)
Selecting the Order of the VAR Model
1- Based on 118 observations from 1976.3 to 1986.12 Order of VAR = 12
List of variables include in the unrestricted VAR: ln QsA, InQoo in(pSA ) with intercept.
Order LL AIC SBC Adjusted LR test
12 231.92 120.92 -32.84
11 225.10 123.10 -18.20 x2(	 9)=	9.36 [.404]
10 220.44 127.44 - 1.39 x2( 18)=	 15.76 [.609]
9 216.08 132.08 15.71 x2( 27)=	 21.75 [750]
8 207.37 132.37 28.47 f( 36)=	33.71 [.578]
7 199.11 133.11 41.67 x2( 45)=	 45.05 [.470]
6 191.81 134.81 55.84 x2( 54)=	 55.07 [.434]
5 184.54 136.54 70.04 x2( 63)=	 65.05 [405]
4 175.01 136.01 81.98 X.2( 72)=	 78.12 [290]
3 170.03 140.03 98.47 x2( 81)=	84.964.360]
2 160.76 139.76 110.67 x2( 90)=	97.69 [272]
1 152.04 140.04 123.41 x2( 99)=	109.67[218]
0 -548.19 -551.19 -555.34 X2( 108)=1071.00[000]
2- Based. on 104 observations from 1987:1 to 1986:12. Order of VAR = 12
List of variables include in the unrestricted VAR: ln QsA, lnQw , and ln/Pm) as a stationary variable,
with intercept.
Order LL AIC SBC Adjusted LR test
12 425.04 373.04 304.29
11 422.11 374.11 310.64 x2(	 4)=	 4.40 [.354]
10 410.84 366.84 308.67 x2( 8)=	21.30[006]
9 407.14 367.14 314.25 X2( 12)=	 26.85 [008]
8 404.41 368.41 320.81 x2( 16)=	 30.95 [014]
7 395.68 363.68 321.37 x2( 20)= 44.05 [001]
6 375.17 347.17 310.15 x2( 24)= 74.80 [000]
5 370.15 346.15 314.41 x2( 28)=	 82.344.000]
4 366.49 346.49 320.05 X2( 32)=	 78.83[000]
3 358.69 342.69 321.54 x2( 36)=	 99.52[000]
2 358.06 346.06 330.20 x2( 40)= 100.47[.000]
1 352.92 344.92 334.34 x2( 44)=	108.19[000]
0 -125.97 -129.97 -135.26 2(48)=	 826.53[000]
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